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RELATION OF CONFORMATION AND ANATOMY OF 
THE DAIRY COW TO HER MILK AND BUTTERFAT 
PRODUCING CAPACITY 

UDDER CAPACITY AND MILK SECRETION* 

W. W. SWETT 1 

Dairy Cattle Breeding Investigations, Bureau of Dairy Industry, United States 
Department of Agricultvre, Washington, D. C. 

Although the mammary gland is one of the most important 
parts of the dairy cow, its internal anatomy, its capacity, and its 
performance are none too well understood. In much of the 
literature on dairy type or conformation, comment on these 
points is for some reason omitted. References which are avail¬ 
able are not by any means in close agreement. 

Concerning the general structure of the mammary gland 
Sisson (12) is perhaps most specific, yet he does not comment on 
its capacity or the milk-secreting process. Plumb (10) discusses 
udder structure only in a general way and states that no such 
irregularity of form is presented by any other anatomical part of 
the domestic animal as by the mammary gland of the dairy cow. 
Wing (13) gives a general discussion of the glandular make-up. 
Curtis (3) states that the size of the udder is indicative of capacity 
for milk production just as the size of the barrel is indicative of the 
capacity for food consumption. Others, in discussing dairy type, 
have given a more or less general and superficial description of 
the mammary gland. 

A few* have presented more definite statements concerning the 
capacity of the mammary gland. Isaachsen (7) is specific on 
this point and, in referring to cows producing 5 to 6 kilos of milk 
at one milking, says that “no udder contains so much.” He 
continues by stating, “In our animals, the maximum capacity is 

* Received for publication October 25, 1926. 

1 Acknowledgment is made to T. E. Woodward and Dr. F. W. Miller for help¬ 
ful suggestions and assistance in the conduct of this experiment; and to Dr. 
L. A. Rogers for determination of milk analyses. 
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about 3.5 kilos or a little more, and 2 to 2.5 kilos must be formed 
in these animals at the moment of milking.” Marshall (8) 
refers to calculations showing that “the udders of a cow could not 
contain the quantity of milk which can be obtained from them at 
one milking.” According to Woods (14), “The flow of milk at 
the time of milking is usually much greater than the capacity of 
the milk cistern, but this is readily accounted for, as the irritation 
of the nerves causes the contraction of the wall of the glands and 
milk ’ducts.” Scott (11) is quoted as follows: 

The reservoir or milk cistern seldom holds more than half a pint of 
milk. There is only one of these reservoirs in each quarter, so (he 
combined volume of milk in the four cisterns is only two pints. This 
is the amount of milk which is to be found in the average dairy cow’s 
udder at any one time. 

If you could look inside an udder just before milking time you would 
find the milk cisterns and ducts distended with milk which, as I have 
already mentioned, would only be about one-half pint in each quarter. 

Gaines (5), on the other hand, presents data showing that (a) 
the capacity of the mammary gland of the goat is greater than 
the volume of milk drawn at one time; ( b ) the udder shrinks in 
volume during milking to nearly the same extent as the volume 
of the milk drawn; and (c) practically all the milk drawn is present 
as such in the gland at the beginning of milking. 

Those contending that the capacity of the gland is decidedly 
too small to contain the quantity of milk secured at one milking, 
assume that milk secretion is greatly accelerated during the act of 
milking. Many of the exponents of this view claim that nearly 
all the milk, except approximately one-half pint contained in each 
cistern, is actually secreted while the milk is being drawn. 
Gaines (5) and Woods (14), however, are of the opinion that milk 
secretion is a continuous process. Gaines (5) comments on the 
work of Eckhard and on that of Goltz and Ewald, which indi¬ 
cates that the mammary gland is not under nervous control. 
McKenzie (9) also concludes that the m a mmary gland is not 
under the direct influence of the nervous system. Woods (14) 
contends that the manipulation of the teats and udder stimulates 
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the nerves, causing a muscular contraction and expression of the 
milk. Gaines (5) concludes that nursing or milking excites a 
reflex contraction of the gland and musculature, with consequent 
expression of milk. 

^Regarding the process of milk formation there is some variance 
in opinion. Bitting (2) outlines a theory supported by many, 
which is virtually that in the secretion of milk the water serum and 
salts are separated from the blood, and that a fatty degeneration 
of the cells lining the alveolar cavities produces the fat globules 
as the degeneration product and the casein as the undegenerated 
portion of the cells. He quotes one Smith as follows: “The 
process of milk secretion may, therefore, be regarded as a process 
of metabolism of the epithelial cells, which undergo decomposition, 
and discharge the resulting products into the excretory ducts.” 
Bertkau (1), on the contrary, states that milk formation is a 
true secretory process and in no manner associated with a total 
or even partial necrosis of the secreting epithelium. The views of 
Disselhorst (4) regarding the formation of milk fat are in close 
agreement. 

In spite of references expressing views to the contrary, the 
belief appears to persist rather generally among teachers and other 
professional men in dairy cattle and veterinary work that the 
capacity for storing milk in a cow’s udder is not more than a half 
pint to each quarter. It is held that since the capacity is limited, 
the quantity of milk produced at any one milking could not be 
stored or contained in the udder, and that the greater part of the 
milk is secreted during the process of milking, the rapid accelera¬ 
tion in secretion being the result of a nervous reaction stimulated 
by the manipulation of the udder and teats. 

The distention of the udder just before milking is a common 
observation. Adherents to the belief that milk secretion takes 
place chiefly during the act of milking have explained this dis¬ 
tention on the theory that immediately before the milk is drawn 
the udder is gorged with the blood carrying the materials from 
which the milk constituents are to be made. Both the arterial 
and venous systems of several udders have been filled after their 
removal from the body and their total capacity has been found 
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to be very small. The capacity of the circulatory system within 
the udder therefore could hardly be an important quantitative 
factor in causing this distention. 

The study now being conducted by the writer to determine the 
relation of the conformation and anatomy of the dairy cow to her 
milk and butterfat producing capacity has been developed to 
include an extensive consideration of the mammary gland. 
Udders are studied comparatively and in relation to their produc¬ 
ing abilities as shown by production records. In preparing an 
udder for one of the phases of the study, formalin is injected into 
it through the teats with a milking tube attached to a pump. 
In filling the udder, pumping is continued until it is full and firm. 
It is undoubtedly distended to a greater extent than it would 
normally be immediately before milking at the same stage of 
lactation, but the pumping is stopped before pressure is sufficient 
to injure the tissue. The force of injection is against gravity, 
against the pressure of the air within the udder, and requires 
forcing the fluid into the fine ducts. 

It has been shown that opinions differ widely concerning the 
capacity of the mammary gland of the cow. Udder capacity as 
herein discussed is understood to mean the storage space within 
its secretory system. It is determined by injecting formalin 
through the teats and measuring the quantity retained within the 
secretory system. In recent tests the quantity of formalin 
injected into the udder through the teats has been found greatly 
in excess of the amount it has generally been supposed the udder 
would hold. Data for five udders are presented in table 1. No. 
245 was a hard, fleshy, fibrous udder. The quantity of formal¬ 
dehyde injected into it, while not measured with precision, was 
between 3 and 3§ gallons, or approximately 12,000 cc. This 
udder had been lactating six weeks but had been badly infected. 
Such a condition supposedly would tend to reduce its storage 
capacity. No. 221 was a particularly harsh, coarse, and fibrous 
type of gland and had been lactating twelve weeks. It also had 
been infected and was secreting only a small quantity. No. 243 
had been nonlactating for twelve months. It was of the meaty 
type but shrunken in size. No. 459 was loose and yielding and 
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had been lactating three months, following a premature 
parturition. No. 292 was a reasonably loose and mellow udder 
from a junior two-year old, forty-three days advanced in lacta¬ 
tion. It appears that an udder capacity of from 3 to 5 gallons is 
not uncommon. For any who might be accustomed to thinking 
of udder capacity as the quantity of milk produced in two or more 
milkings, during a period of twenty-four hours, it should be 
mentioned that capacities herein given refer to single fillings of the 
udder. 

An effort has recently been made to determine whether the 
milk in a cow’s udder is secreted continuously or chiefly during 

t usi.i: i 
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the few minutes required for the milking process. For the first 
t est an eight-year-old Jersey, no. 459, was selected. Her only 
official productior record, made at the age of two years one month, 
amounted to 10,153 pounds of milk and 530 pounds of butt erf at. 
Her last calving was on January 29, 1920. when twins were born 
prematurely. Since that time her milk production had been 
comparatively low. During the seven-day period from April 10 
to 22 inclusive, she averaged 13.91 pounds of milk when milked 
twice daily. Commencing on April 23, she was milked each 
morning at 10 o'clock. Each subsequent milking, therefore, 
represented the secretion of twenty-four hours. The average 
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production on the three successive days was 12.07 pounds. 
During this three-day period of adjustment and on the morning 
of April 27, her feed was not altered in kind or quantity. She 
finished eating each morning at approximately 6:30 o’clock. 
Until the afternoon of April 26, she was turned out with the 
herd for water. The quantity drunk was not measured. In 
order that the intake of both feed and water might be determined, 
water was offered her in a bucket on the afternoon of April 26 
and on the morning of April 27. As she was not accustomed to 
drinking from a bucket, the water intake for that period may 
have been less than for previous days. It amounted to 24 pounds, 
all of which was drunk on the morning of April 27. A decrease in 
Wcater intake presumably would tend to reduce the milk secretion 
for that day. 

At ten o’clock on the morning of April 27, she was killed and 
immediately hoisted for bleeding. As soon as bleeding was 
complete she was lowered to the floor. The uilder, together with 
an area of the skin extending from about 8 inches anterior to the 
front attachment to about 8 inches posterior to the rear attach¬ 
ment and from thigh to thigh, was then removed in such a manner 
that the gland tissue was not cut or injured. It was imme¬ 
diately attached to a specially designed iron frame, the position 
of the udder being adjusted until it was approximately natural 
for a standing cow. One hour elapsed between the killing of the 
animal and the completion of adjustment of the udder on the 
frame. 

At eleven o’clock, twenty-five hours after the previous milking, 
the milk was drawn into a bucket in the usual manner and with 
approximately the usual ease and rapidity. The quantity of 
milk obtained from the udder thus severed and suspended 
was 9.2 pounds. The udder was permitted to hang in the same 
position for four hours until 3 p.m., when a full pint of milk 
(1.07 pounds) was drawn with comparative ease. A total of 10.27 
pounds, therefore, was drawn from the udder after all body con¬ 
nections had been severed. Since the blood and lymph circula¬ 
tion, the nervous system, and all other body connections were 
severed before the milk was drawn, there could have been only a 
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remote possibility for milk to be formed during the milking 
process as a, result either of nervous or muscular action stimulated 
by the udder manipulation. It is obvious, therefore, that more 
than 85 per cent of the twenty-four-hour milk production of this 
cow, as based on an average of the three previous days, was 
secreted and stored within the gland at the time she was 
slaughtered. 

Samples of each of the two milkings immediately preceding 
death and each of the two portions of the 10.27 pounds of milk 
drawn after death were preserved for analysis. The analyses 
appear in table 2. 

T \m,E 2 

,1 nnhj^i 8 of milk from no. 459 


t 10 * M. APRIL lit) A.M. APRIL 2(f,' 11 \ M. APRIL | 3 I*. M. \PK1L 
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per cent 
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14 71 
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Fat. 
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.I 73 

4.50 

1 60 

Solids-not-fal. . . 

S 90 
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. . 
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0.75 
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4 49$ 
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4.061 


Immediately after the post-mortem milking had been com¬ 
pleted, the right half of the udder was filled with formaldehyde 
and prepared for the study of its gross structure. The left half 
was removed by tin incision just to the left of the median septum 
and was preserved for histological analysis. The external appear¬ 
ance of the udder before its removal from the cow r is shown in 
figure 1. Figure 2 shows a vertical transverse section through the 
right rear quarter and illustrates the internal structure of the 
gland. The tissue is relatively open in structure with com¬ 
paratively large cisterns. The fact that these conditions were 
definitely recorded in the observations made through an entire 
lactation period many months previously lends value to 2500 
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to 3000 sets of observations that have been made according to the 
same plan on other living cows. 

A second test was conducted on no. 292, a junior two-year-old 
Holstein, forty-three days advanced in her first lact ation period. 
Since her production was relatively high she was continued on two 
milkings daily. From the afternoon of July 1 to the morning 
of July 8, 1920, she averaged 43.30 pounds of milk daily. During 
this period the average quantity produced at the morning milking 
was 21.09 pounds. She was milked regularly at 9:30 a.m. and 
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9:30 p.m., each milking representing the production oi twehe 
hours. The kind and quantity of feed and the time of 1 ceding and 
watering were maintained as nearly as possible without change. 

She was killed at 9:30 a.m. July 9, 1920, twelve houis after the 
last milking. 11 w as necessary to lead her a considei able dist nnee 
for slaughter and although this was done quietly, she became 
somewhat excited immediately before death. The effect of this 
excitement of course is not known. The procedure in bleeding 
and in reniovmg the udder was identical with that followed in 
the previous test. 



Fig 2. A Vertical Transverse Section through the Right Rear Quarter 

or No. 459's Udder 

9 
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Milking was commenced at 10:20 a.m. The milk was drawn 
much more slowly than in the post-mortem milking of no. 450. 
The udder was massaged as it was milked. The quantity secured 
was 7.7 pounds. Four hours later, at 2:20 p.m., the udder was 
again milked and 2.9 pounds was drawn, making a total of 10.0 
pounds after death. When the udder was cut open a short time 
later the milk gushed from the incision. An abundant quant ity of 
milk appeared to be present in the udder, but. it was not so 
readily drawn as in the previous test. The temperature of the 
milk was taken at about the middle and near the end of the first 
post-mortem milking and varied from 90° to 93°F. 94 le tetn- 


TABLE 3 

Analyses of milk from no. 2h£ 
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perature of the milk of the second post-mortem milking was 8(>°F. 
Samples of the morning milkings of July 7 and July 8 and of both 
post-mortem milkings were preserved, and their analyses appear 
in table 3. The udder was treated in the manner described for no. 
459. The right half was preserved and sectioned. The external 
appearance of the ndder before its removal from the cow is illus¬ 
trated in figure 3, and a vertical transverse section through the 
right rear quarter is shown in figure 4. Reference to table 1 will 
show the udder capacity of both nos. 459 and 292. 

There is a difference between the composition of the ante¬ 
mortem and post-mortem milkings which deserves brief com¬ 
ment. This difference is remarkably similar in the milk from 
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\both cows. The fourth sample, which is taken from the final 
post-mortem milking, is the one differing most from the ante¬ 
mortem product. In each case the final post-mortem milking 
shows an increase in ash and a decrease in sugar when compared 
with that drawn before death. In the case of no. 292, this fourth 
sample also shows a low casein content. r Jhe outstanding 
difference, however, is in the fat content, which is greatly lowered 
in both of the post-mortem milkings and largely responsible for 
the reduction in total solids in these samples. 
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If it were true that the fat in milk is a decomposition product of 
the cells, and if this process actually takes place chiefly during 
the act of milking, this low fat content might be accounted for. 
It would seem, however, that if secreted chiefly tluring the milking 
of the cow, milk taken from a gland entirely removed from the body 
and in which all activity apparently had ceased would have a fat 
content even lower than that found. Jf the high fat content 
normally found in strippings and in last milk were due to gravita¬ 
tion, these post-mortem samples, particularly the last one, should 
be higher in fat content than the others. 





Fid. 4, A Vertical Transverse Section through the Right Rear Qiarteh 

of No. 292’ s Udder 
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If, on the contrary, milk secretion is a continuous process, with 
all the constituents secreted simultaneously, the diminished fat 
content in the post-mortem samples must be accounted for in 
some other way. Hunziker (6) gives the melting point of mixed 
butterfat as 90° to 99°F. At lower temperatures the fat pre¬ 
sumably would become less fluid. No attempt was made in 
either case to maintain body temperature in the udder after its 
removal. The temperature of the post-mortem milk from no. 459 
was not determined. For no. 292 it was 96° to 93°F. for the first 
post-mortem milking and 86°F. for the second. The change in 
consistency of the fat as a result of the lowered temperature 
of the gland might cause the retention of a large proportion of the 
fat in the smaller ducts and easily account for the abnormally low 
fat content in the post-mortem milkings. 

The first two tests reported would indicate that: 

1. Milk secretion is to a considerable extent a continuous 
process. 

2. A large proportion of the milk secured at any milking is 
collected and stored within the gland before the milking process 
is commenced. 

3. The internal capacity of a lactating cow’s udder appears to 
be greater than the volume of the milk secreted. The two udders 
on which results are here reported were not exceptionally large, 
yet one of them indicates an internal space sufficient to hold as 
much as 45 pounds of milk. 

4. The liberation of milk is not entirely dependent either upon 
a nervous or a mechanical stimulation or upon internal muscular 
contraction, since the act of milking was in both cases performed 
after all body connections had been severed. While in the post¬ 
mortem milking, no. 459 readily liberated about 85 per cent of 
the amount produced in like periods before death, no. 292 yielded 
only about 49 per cent. The gushing forth of milk from an 
incision subsequently made in the udder of no. 292 indicates that 
in her case the milking was only partially complete. Apparently 
a relatively high proportion of her average milk production for a 
like period was present in the udder at the time of death. The 
reason for the greater difficulty in removing the milk in her case 
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is not definitely understood. It would seem, however, that^ 
muscular contraction, or in this case, rigor mortis, may have 
hindered rather than aided the removal of the milk. 

5. The outstanding abnormality in the milk drawn after 
death is its low fat content. This might be accounted for on the 
theory that the fat globules were retained within the ducts as a 
result of the lowered temperature after death of the gland and of 
the milk contained within it. 

The results of these tests are not conclusive. Additional tests 
will be conducted and the results published as material is made 
available. 
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A STUDY OF THE PROTEOLYTIC ACTION OF CERTAIN 
SPECIFIC ORGANISMS ON MILK PROTEINS 
IN MILK AND SYNTHETIC BUTTER* 

GEO. SPITZER, E. H. PARFITT and W. F. EPPLE 

Dairy Department, Purdue University Agricultural Experiment Station , Lafayette, 

Indiana 

Considerable work has already been done by a number of 
investigators on bacterial metabolism including yeasts and molds, 
with a view of obtaining a quantitative relation of the action of 
specific organisms when grown in different media. These in¬ 
vestigations were generally limited to pathogenic organisms. 
However, only in a few instances has milk been used as a media. 
It is evident that in milk we have a natural product, composed of 
proteins, carbohydrate and mineral salts, well adapted for bac¬ 
terial growth, the study of which is of prime importance to the 
dairy industry. It is well known that the composition of the 
media influences the growth and development of bacteria. For 
the study of pathogenic organisms the media is usually composed 
of nitrogenous materials and an adequate supply of mineral salts. 
It has been found that when these organisms are grown in 
a media containing some utilizable carbohydrate, that the 
chemical changes produced in the media are quite different than 
when grown in media containing no carbohydrate. Notably, at 
least in some organisms, no proteolytic enzymes are formed (1) 
(2) (3). 

In our investigation we have confined our study of the pro¬ 
teolytic action of certain specific organisms usually found in milk 
and manufactured dairy products. This involves the study of 
bacterial metabolism or cellular activity. The protein require¬ 
ments and the energy requirements must be supplied by the 
food material in the media. There is sufficient evidence that the 

♦Approved by the Director of the Agricultural Experiment Station. Re¬ 
ceived for publication May 1, 1926. 
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cellular activity of all organisms are intimately associated with 
enzymes, and it is by this means that chemical changes are 
brought about, which gives us a measure of the r61e played by 
organisms in the decomposition of the food material in the 
media. 

The proteolytic enzymes of organisms may be classified into 
two well defined groups—the peptic group of enzymes which act 
and are accelerated in acid media; the tryptic group which act 
and are accelerated in an alkalin media. Some organisms secrete 
both groups. In fact, no enzyme has yet been found or isolated 
which is specific in action as a unit rather than a mixture. This 
fact of a mixture of the two groups of enzymes is unmistakably 
shown in our previous work on the enzymes of B. panis migula 
(5). In this investitation it was found that when the enzyme 
acted in a 0.2 per cent acid solution, 5.1 per cent of the total 
nitrogen apeared as amino acids; when acting in a 0.2 per cent 
basic solution 14.00 per cent of amino acids was formed both 
solutions being digested for thirty-three days. However, when 
digested in neutral solution, 25.35 per cent of amino acids was 
formed. The characteristic action of both the tryptic and peptic 
enzymes was clearly manifested in this experiment (5). 

In addition to the proteolytic enzymes, there is usually accom¬ 
panied sugar splitting enzymes as well as fat splitting enzymes. 
In this investigation we are concerned only with the protein 
splitting enzymes. In dairy products we have both the pro¬ 
tein and sugar as lactose. As lactose is hydrolyzed by en¬ 
zymes of a zymase character, the acid produced will influence 
to a great degree the soluble or exo enzyme production of 
the organism (1), (2), (3), and consequently proteolytic action 
is retarded. There is a maximum degree of acidity for the growth 
and development of the organisms themselves. Unless soluble 
proteolytic enzymes are formed during the process of bacterial 
growth, no proteolytic action will take place even though the 
media is neutralized. In our study of B. panis migula when 
grown in sterile milk we found at the end of thirty days 26.40 
per cent of total nitrogen appearing as amino acids. Fifteen 
days longer incubation brought about no increase neither in 
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ammonia nor amino acids, the acidity of the milk being at the 
end of 45 days, 0.540 per cent. The high acidity inhibited the 
action of the enzymes and the functioning of the organism. 

The production of ammonia by means of bacterial action is a 
measure of bacterial metabolism, taking place within the organ¬ 
ism. In the utilization of protein, the molecules are hydrolized 
to simpler compounds, peptones, amino acids, etc. When these 
compounds are utilized for energy production, deaminization 
takes place and the ammonia is the end product and appears in 
the media. The production of ammonia is no indication of the 
changes taking place exterior to the organism. It is therefore 
evident, to gain a more definite idea and interpretation of protein 
decomposition, it is necessary to secure data of the amino acids, 
ammonia and peptones produced by proteolytic organisms. 

The determination of titratable acidity is an indirect measure¬ 
ment of the dissociated acidity or hydrogen-ion concentration, 
if this is based on a given acid and for a media of constant com¬ 
position. 

In this study of the proteolytic action of organisms we have 
limited our data to what seemed to us the most important 
cleavage products and to show to what extent, under certain 
conditions, these changes have taken place in proteins of milk and 
synthetic butter. Owing to the separation of the proteins during 
sterilization it was found impossible to sterilize butter, and bring 
it to the original homogeneous condition. 

It is known that it is difficult to account for the numerous 
changes caused by the organisms; nor is it possible to solve 
complex problems with the sum total action of these organisms. 
If we can trace the deterioration of groups of organisms, some 
good has been accomplished. It seemed therefore desirable 
to eliminate this complexity and use specific organism in sterile 
media. 

BACTERIOLOGICAL WORK 

Milk. Two hundred fifty cubic centimeters of fresh skimmilk 
were sterilized in a 500 cc. Erlenmeyer flask in an autoclave at 15 
pounds for thirty minutes. In the sterile milk is inoculated 1 cc. 
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of a twenty-four-hour culture of the organism to be studied. 
Incubation temperature was room temperature (20° to 21°C.) 
Analyses were made each fifteen days. 

Synthetic butter. Six hundred-gram lots of synthetic butter 
were prepared as follows: Pure butterfat was obtained by melting 
creamery butter at a temperature between 60° to 70°C. When 
the water and curd were well separated by gravity the clear fat 
was filtered and sterilized in definite amounts. Fifty grams of 
skimmilk with an acid reaction of 0.17 per cent were introduced 
into a 500 cc. Erlenmeyer flask and sterilized in an autoclave at 
15 pounds pressure for thirty minutes. To this sterile skimmilk 
a pure twenty-four-hour culture of the organism to be studied 
was introduced and incubated for twenty-four hours at 37°C. 
The sterile fat, was introduced into the inoculated skimmilk. 
The flask was gradually cooled in ice water, and gently shaken so 
as to insure a homogeneous consistency. The blank was pre¬ 
pared in like manner except that it was not inoculated. The 
synthetic butter had approximately the following composition: 
protein 0.6 per cent, water 14.6 per cent, lactose 1.0 per cent, and 
fat 84.0 per cent. The synthetic butter was held at room tem¬ 
perature and at 0° to 4°C. The synthetic butter held at room 
temperature was submitted to analysis each 15 days while that 
at 0° to 4°C. was analyzed every thirty days. 

The organisms used were obtained from reliable sources and 
rechecked in order to determine their purity and nomenclature. 
Twenty-four-hour cultures were made into sterile skimmilk for 
three successive days in order to vitalize the organism. The 
following organisms were us 

Bacillus panis 
Pseudonionas viscosa 
Proteus vulgaris Hauser 
Bacillus megatheriurq 
Bacillus amylobacter 
Bacillus mesentcricus Flugge 
Streptococcus lactis Lester 

The above nomenclature is according to Bergey’s Manual of 
Determinative Bacteriology. 


Escherichia coli 
Bacillus mycoides 
Achromobacter liquefaciens 
Bacillus subtilis 
Aerobacter aerogenes 
Escherichia ichthyosmia 
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CHEMICAL WORK 

The chemical work in this investigation consisted in deter¬ 
mining the titratable acidity, nitrogen compounds not precipi¬ 
tated by phosphotungstic acid and nitrogen compounds not 
precipitated in a saturated solution of zinc sulphate. The pep¬ 
tones represent the difference between the nitrogen compounds 
not precipitated by zinc sulphate and phosphotungstic acid. It is 
generally agreed that phosphotungstic acid precipitates all the 
higher complexes including the diamino acids, but does not 
precipitate the mon-amino acids. The nitrogen compounds 
not precipitated by phosphotungstic acid are frequently con¬ 
sidered as representing only amino acids, which should be 
accepted as relatively correct. We have found in previous work 1 
the amino acids as determined by the Van Slyke method are 
lower, but with practically a constant difference. The data 
represent more correctly, representative well defined groups of 
protein compounds and show the progress of protein hydrolysis. 

The ammonia was determined by the Folin aeration method. 
Two hundred cubic centimeters of the milk was used and after 
aeration this w r as neutralized and used for the following deter¬ 
minations. To 10 cc. of the aerated milk sufficient 20 per cent 
sulphuric acid was added to make the acidity 5 per cent. To this 
a 5 per cent solution of phosphotungstic acid solution was added 
to cause complete precipitation of the proteins. It was then set 
aside at room temperature for twelve hours, then filtered, and the 
nitrogen determined in the filtrate by using the Kjeldahl method. 

To 10 cc. of the aerated milk dilute sulphuric acid was added to 
give a distinct acid reaction to methyl red. This was saturated 
with pure zinc sulphate by slightly warming and left standing at 
room temperature for twelve hours. This was then brought up 
to 30 cc. by adding a saturated solution of zinc sulphate. This 
was filtered and 15 cc. of the filtrate was used for the nitrogen 
determination. The peptones weite estimated by subtracting the 
nitrogen not precipitated by phosphotungstic acid from the nitro¬ 
gen not precipitated by a saturated solution of zinc sulphate. 
The results in tables were based on the total nitrogen. 


1 Unpublished data. 
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Two hundred and fifty grams of butter were weighed into a 
beaker, wanned and transferred to a 500 cc. flask. About 100 


TABLE 1 

Acidity 'produced by the respective specific organisms inoculated in sterile milk 

held at 20°C . 



15 DATS 
INCUBATION 

30 DAYS 
incubation 

45 DAYS 
INCUBATION 

CONTROL 


per cent 

per cent 

per cent 

per cent 

panis. 

0.324 

0 409 

0.450 

0 243 

viscosa.. . 

0 170 

0 103 

0.108 


vulgaris. 

0.170 

0.090 

0.108 


megatherium. 

0 464 

0 504 

0.414 


amylobacter. 

0.310 

0 378 

0.378 


coli. 

0 67 

0 77 

0 78 


mesentericus. 

0 74 

0 31 

0 56 


lactis. 

0 925 

0 70 

0 91 


liquefaciens. 

0.396 

0 740 

| 0.675 


mycoides. 

0.19 

0 49 

1.09 


subtilis.. 

0 378 

0,387 

0 540 


aerogenes. 

0 634 

0 693 

0 727 


ichthvosma. 

0 531 

0 414 

0.414 



TABLE 2 

Ammonia produced by the specific organisms inoculated in sterile milk held at 20°C. 



15 DAYS 
INCUBATION 

30 DAYS 
INCUBATION 

45 DAYS 
INCUBATION 

CHECK 


per cent 

per tent 

per cent 

per cent 

panis. 

0.50 

1.29 

3.91 

0 32 

viscosa. 

0 30 

0.51 

1.25 


vulgaris. 

0 42 

0 51 

1.14 


megatherium. 

1.84 

4 13 

11.65 


amylobacter. 

1.47 

2.61 

5.40 


coli. 

0.10 

0.13 

0 97 


mesentericus. 

0.30 

1.88 

4.05 

0.34 

lactis. 

0.13 

0 24 

0.38 


liquefaciens. 

4 32 

7.01 

! 7.69 


mycoides.. 

0.73 

1.43 

3.96 


subtilis. 

2.42 

5.67 

j 7.27 

0.35 

aerogenes. 

1.88 


2.57 


ichthyosma.. 

9.03 

20.16 

25.68 



cc. portions of water at 50° to 60°C. was poured into the beaker, 
and the mixture transferred to the flask after standing to permit 
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the separation of the aqueous portion from the fat; the separated 
water and proteins were pipetted into a 250 cc. graduated flask. 


TABLE 3 

Nitrogen compounds not precipitated by phospholungstic acid produced by the 
respective organisms inoculated in sterile milk held at 20°C. 



15 DAYS 
INCUBATION 

30 DAYS 
INCUBATION 

45 DAYS 
INCUBATION 

CHECK 


per cent 

per cent 

per cent 

per cent 

panis. 

7 10 

8 93 

17 00 

3 47 

vise os a. 

4 04 

4 26 

4 49 


vulgaris . 

3.50 

3 52 

8 74 


megatherium . 

12 18 

12 56 

27 66 


amylobacter. 

7 51 

12 11 

18 88 


coli. 

3.75 

3 61 

4 06 

3 35 

mesentcricus. 

8 65 

13 65 

20 00 

5 00 

lactis . 

4 40 

5-33 


5 15 

liquefaciens. 

16 14 

31 63 

31 86 

4 93 

myooides. 

5 38 

9 42 

19 99 

4 93 

subtilis . . . 

8 61 

17.57 

31 13 

3 41 

aerogenes . 

3 01 

3.87 

8 32 

3 42 

iehthyosma. . 

33.20 

51 90 

53 01 

3.02 


TABLE 4 

Nitrogen compounds not precipitated by a satui ated solution of zinc sulphate pro - 
duccd by the respective organisms' inoculated in sterile milk held at 20°C . 



15 DAAS 
INCUBATION 

30 I) AYS 
INCUBATION 

45 DAYS 
INCUBATION 

CHECK 


per cent 

per rent 

per cent 

per cent 

panis. 

13.46 

15 38 

20 92 

4 60 

viscosa . 

6 51 

6 50 

6 75 

4 60 

vulgaris. 

4 60 


8 97 

4.60 

megatherium. 

16.37 

15 00 

33 62 

4.60 

amylobacter . 

11 66 

18 84 

29 16 

4 60 

coli. 

5 86 

6.76 

6 31 

4.60 

mesentcricus. 

17.30 

31 87 

41.75 

7 28 

lactis. 

6 53 

8.40 


7 28 

liquefaciens. 

! 22 43 

38 70 

50.25 

7 28 

mycoides. 

! 10.77 

22 43 

39 04 

7 28 

subtilis. 

22.36 

22 36 

32 58 

6 55 

aerogenes. 

6.37 


10.01 

6 55 

iehthyosma. 

66.40 

68 30 

71 61 

6 55 


The process of adding warm water to the butter was repeated until 
250 cc. of protein solution had been obtained. This process 
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TABLE 5 

Nitrogen compounds as peptones produced by the respective organisms inoculated in 

sterile milk held at 20°C, 



15 DAYS 
INCUBATION 

30 days 
incubation 

45 days ! 

INCUBATION 

CHUCK 


per cent 

per cent 

per cent 

per cent 

panis. 

6.36 

6 45 

9.92 

1.13 

viscosa. 

2 47 

2.30 

2.26 


vulgaris. 

1.10 


2.03 


megatherium. 

4.19 

5.44 

5.96 


amylobacfcer. 

4.15 

6 73 

10.33 


coli. 

2.11 

3.15 

2 25 


mesentericus. 

8.65 

18.22 

21.75 


lactis. 

2.13 

3.07 



liquefaciens. 

6 29 

7.07 

18.49 


mycoides. 

5 39 

13.01 

19.05 


subtilis. 

13.75 

4.79 

1.45 


aerogenes. 

3 36 


1.69 


ichthvosma... 

33 20 

16.40 

18.60 



TABLE 6 

Summary of tables 1 to 5 showing the increase of ammonia , nitrogen compounds 
not precipitated by phosphotungstic acid and peptones in milk by the action of 
specific organisms during a period of 45 days based on the total nitrogen 



AMMONIA 

nitrogen not 
precipitated 
by phospho- 
TUNOSTIC ACID 

PEPTONE 


per cent 

per cent 

percent 

panis. 

3.59 

13.53 

8.7# 

viscosa. 

0.93 

1.02 

1.13 

vulgaris. 

0.82 

5.27 

0.90 

megatherium. 

11.33 

24.19 

4.83 

amylobacter. 

5 OS 

15.36 

9.20 

coli. . 

0.65 

0 71 

1.12 

mesentericus. 

3 71 

15.00 

20.62 

lactis. 

0.06 

0.18 

1.94 

liquefaciens. ... 

7.37 

26.93 

17.36 

mycoides. 

3.64 

15.06 

17.92 

subtilis. '.. 

6.95 

27.72 

1.32 

aerogenes. 

2.25 

4.90 

0.56 

ichthvosma. 

25 36 

49 99 

17 47 


removed more than 96 per cent of the protein. The graduated 
flask was set aside in a warm place until the particles of fat 
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had come into the neck. These were removed by means of a 
pipette. This solution was then treated in the same manner as 
the milk was treated for the determination of ammonia, amino 


TABLE 7 

Acidity produced by the respective specific organisms inoculated in sterile butter held 
at room tc?npcrature, 20°C . 



15 l> 4 Y8 

11 ELD 

30 DATS 
HELD 

40 DAY8 
HELD 

60 DM8 
HELD 

CONTROL 


per cent 

per cent 

per cent 

per cent 

per cen t 

panis. 

0 033 

0 030 

0 090 

0 091 

0 011 

viscosa. 

0 025 

0 032 

0 198 

0 201 

0 on 

vulgaris. ... 

0 015 

0 022 

0 045 

0 049 

0 011 

megatherium . . 

0.22 

0 023 

0.018 

0 022 

0 011 

butyricus ... 

0 013 

0 011 

0 162 

0 185 

0 011 

eoli 

0 100 

0 144 

0.148 

0 138 

0 011 

mesentericus. 

0 067 

0 09 | 

0 251 

0 248 

0 017 

lactis . ... 

0 175 

0 268 

0 315 

0 340 

0 016 

liqucfacions. 

0 109 

0 126 

0 121 

0.101 

0 016 

mvcoides . 

0 099 

0 122 

0 125 


O 016 


TABLE 8 

Ammonia produced by the respective specific organisms inoculated in sterile 

butter held at 20°C. 



15 DAYS 
HELD 

30 D4YB 
HELD 

45 DAYS 

HELD 

60 DAYS 
HELD 

....| 

CONTROL 


per cent 

per cent 

per cent 

per cent 

per cent 

panis. 


0 90 

1 08 

1 43 

0 35 

viscosa . 

0 63 

1 07 

2.14 


0 35 

vulgaris . . 

0 65 

0 79 

1 00 

1 04 

0 35 

megatherium. 

1.11 

1.43 

1.69 

1.78 

0 35 

butyricus. 

1.53 

2.14 

2.14 


0.35 

eoli. 

0.27 


0 71 


0 21 

mesentericus . 

! 1 18 


0 80 

0 84 

0 21 

lactis... 

0 20 

' 

0 89 

0.87 

0 21 

liquefacieus. 

1.25 


1.78 

2 35 

0.21 

mycoides. 

1 07 



1 34 

0 21 


acids, peptones, etc.; in the precipitation by phosphotungstic 
acid and zinc sulphate, 50 cc. of the protein solution was used. 
All determinations were made in duplicate. 

Analyses of the inoculated milk, synthetic butter held at room 
temperature and synthetic butter held in cold storage at 0° to 
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4°C. were made at regular intervals. The milk and butter held 
at room temperature were analyzed every fifteen days, the butter 
held in cold storage every thirty days. 


TABLE 9 

Nitrogen compounds not precipitated by phosphotungstic acid produced by the 
respective specific organisms inoculated in sterile butter held at 20°C. 



15 DATS 

HELD 

30 DAYS 
HELD 

45 DAYS 

HELD 

60 DAYS 
HELD 

CONTROL 


per cent 

per cent 

per cent 

per cent 

per cent 

panis. 

10.70 

12.50 

14 29 

29,11 

4.35 

viscosa. 

7.05 

7.50 

11 61 

20 80 


vulgaris . 

4 10 

5.35 

6.25 

15.62 


megatherium. 

16.05 

17.94 

18 75 

23 48 


butyricus. 

8 75 

14 37 

14.50 

24.10 


coli. 

3 66 

4.73 

11 52 

11.50 


mesentcricus. 

11.78 

11 70 

17.68 

20 18 


lactis*. 

3.75 

6 43 




liquefaciens. 

7 96 

9.64 

12.86 

20 44 


mycoides.... ... 

9.03 

8.80 

9 18 

15 44 



* Contaminated. 


TABLE 10 

Nitrogen compounds not precipitated by saturated solution of zinc sulphate produced 
by the respective specific organisms inoculated in sterile butter held at 80°C. 



15 DAYS 
„ HELD 

30 DAYS 
HELD 

45 DAYS 
HELD 

60 DAYS 
HELD 

control 


per cent 

per cent i 

per cent 

per cent 

per cent 

panis. 

20 53 

18.75 

25.80 

50.00 

7 58 

viscosa. 

8.75 

9.10 

12.50 

41.07 


vulgaris. 

6.61 

6.70 

9.82 

38.21 


megatherium. 

31.25 

32.14 


41.07 


butyricus. 

10.00 

18.75 

18 00 

26.24 


coli. 

4.46 

6.00 


17.49 


mesentericus. 

19.01 

19.64 

24.11 

29.37 


lactis. 

5.80 

9 64 




liquefaciens. 

18.30 

20.00 

21.25 

25.70 


mycoides... 

10.96 


18.60 

27.32 



In order to render the results of this investigation of value, 
extra effort was made to eliminate factors interfering with the 
uniformity such as temperature of storage and precipitation of 
proteins. This gives some assurance of the relative comparable¬ 
ness of our results. 
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Tables 1 to 15 show the changes caused by the organisms 
studied, in sterile milk, sterile synthetic butter held at room tem¬ 
perature and in cold storage. 


TABLE XI 

Nitrogen compounds as peptones produced by the respective specific organisms 
inoculated in sterile butter held at 20°C. 



15 DAYS 
HELD 

30 DAYS 
HELD 

45 DAYS 

n ELD 

60 DAYS 
HELD 

CONTROL 


per cent 

per cent 

per cent 

jut cent 

per cent 

pan is. 

9 83 

6 25 

11 55 

20 89 

2 23 

viscosa. 

1.70 

1.60 

0 89 

20 27 


vulgaris. 

2 51 

1 35 

3 57 

12 59 


megatherium. 

15 20 

14 20 


17 59 


butvricus. 

1 25 

4 38 

3 50 

2.14 


eoli. 

0 80 

1 27 


5 99 


mesentericus. 

7 23 

8 94 

7.45 

9 19 


lactis. ... 

2.05 

2 21 


2 31 


liquefaciens. 

10 34 

10.36 

8 37 

5.26 


mycoides. 

7 93 


9 22 

11.88 



TABLE 12 

Summary of tables 7 to 11 showing the increase of ammonia nitrogen compounds not 
precipitated by pkosphoiungstic acid and peptones by the action of specific 
organisms in synthetic butter held at room temperature for 60 days 



AMMONIA 

NITROGEN NOT 

precipitated 

BY PB08PII0- 
TUNG8TIC ACID 

peptones 

panis. 

i as 

13.76 

18 66 

viscosa. . . . 

1.79 

14 45 

18.04 

vulgaris. 

0 69 

10 27 

10 36 

megatherium. 

1 43 

18.13 

15 36 

butyricus. 

1.79 

18 75 

0 09 

coli. 

0.50 

6 15 

3.76 

mesentericus... 

0.59 

14.83 

6.96 

acidi lactis. 

0.66 

6.35 

0.08 

liquefaciens... 

2.14 j 

15.09 

3.03 

mvcoides. 

1.13 

10.09 

9.65 


Throughout the tables, only the specific names of organism will 
be used. 

Comments of results from data in tables 1 to 6. The production 
of acidity as determined by titration of most organisms reached 
the maximum acidity during the first period of fifteen days. 
























26 


GEO. SPITZER, E. H. PARFITT AND W. F. EPPLE 


Panis, mycoides, subtilis, and aerogenes continued to increase 
the acidity until the end of the third period of forty-five days. 
This increase was very slight during the second to the third 


TABLE 13 

Acidity produced by the respective specific organisms inoculated in sterile butter 
held in cold storage at 0° to 4°C. 



30 DATS 
HELD 

60 DATS 
HELD 

90 DAYS 
HELD 

120 DAYS 
HELD 

CONTROL 


per cent 

per cent 

percent 

percent 

percent 

panis. 

0 018 

0.019 

0.020 

0.016 

0.018 

viscosis. 

0 027 

0.030 

0.026 

0.049 


vulgaris. 

0 013 

0 014 

0.013 

0.016 


megatherium. 

0 009 

0.011 

0.012 

0.015 


butyricus. 

0.004 

0.008 

0.010 

0.017 


coli. 

0 068 

0.117 

0.125 

0.135 

0.036 

mesentericus. 

0 072 

0.10S 

0.112 

0.099 


lactis. 

0.108 

0.207 

0.224 

0.244 


liquefaciens. 

0.072 

0.145 

0.144 

0.140 


mycoides. 

0.063 

0.126 

0.185 

0.135 



TABLE 14 

Ammonia produced by the respective specific organisms inoculated in sterile butter 
held in cold storage at 0° to 4°C. 



30 DAYS 
STORAGE 

nanis. 

percent 

0.252 

viscosa...«, 

mm 

vulgaris. 

§pl 

megatherium. 

WITTS 

butyricus. 

0.184 

coli. 

0.420 

mesentericus. 

0.42 

lactis. 

0.310 

liquefaciens. 

0.425 

mycoides. 

0.358 


60 DAYS 
STORAGE 

90 DAYS j 
STORAGE 

120 DAYS 
STORAGE 

CONTROL 

per cent 


percent 

percent 

0.193 


1.34 

0.192 

0.546 


1.01 


0.319 

0.757 

0.757 


0 386 

0.300 

0.840 


0.512 

0.462 

1.17 


0.580 


0 588 


0.330 

0.625 

0,714 


0.170 

0.312 

0.357 


1.010 

1.00 

0.89 


1.258 

1.331 

1.348 



period; evidently the acidity reached its maximum at the end 
of thirty days incubation. 

In the summary of table 6 the production of ammonia, amino 
acids and peptones is strikingly shown when the organisms are 
grown in milk as the media. All organisms producing a high 
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per cent of ammonia were likewise active in producing amino 
acids and peptones, there being some exceptions to the propor¬ 
tion of ammonia, amino acids and peptone. The highest per 

TABLE IB 

Nitrogen compounds not precipitated by pho photungstic acid produced by the 
respective specific organisms inoculated in sterile butler held in cold storage 

at 0° to 4°C. 



30 DAYS 
STORAGE 

60 DAYS 

STORAGE 

90 days 

STORAGE 

120 DAYS ; 
storage 

CONTROL 


per cent 

per cent 

per c nl 

per cent 

per cent 

panis. 

6 64 

11 01 

13 361 

27 40 

6 64 

viscosa. 

7 14 j 

6 64 

8.82 

39 57 | 


vulgaris. 

4 20 

540 

11.67 

23 10 


megatherium. 

9 40 

11 03 

13 03 

13.70 


butyricus. 


7.56 

10 42 ; 

14.30 


coli. 

3.20 

4.46 

5 00 

5 16 

5 00 

mesentericus. 

6.89 

8.04 

8.93 

9 82 


lactis. 

5 35 

4.50 

5 80 

6 24 


liquefaciena. 

7 50 

9 28 

9 47 

10 71 


my co ides. 

6 43 

9.19 

9 46 

9 00 



TABLE 16 


Nitrogen compounds not precipitated by saturated solution of zinc sulphate by the 
action of the respective specific organisms inoculated in sterile butter held in 
cold storage at 0° to 4°C. 



30 days 

STORAGE 

60 DAYS 
STORAGE 

90 DAYS | 
STORAGE 

120 DAYS 
STORAGE 

CONTROL 


per cent 

per ctnt 

per cent 

percent 

percent 

panis. 

11.76 

21 43 

23,20 

47.07 

7 06 

viscosis. 

8 41 

8 57 

9 91 

30.75 


vulgaris. 

8.40 

9.41 

13.76 

35.98 


megatherium. 

11.76 

12.77 

15.30 

39.15 


butyricus. 


14 45 

13.61 

17.14 


coli. 

8 30 

11.25 

11.61 

12.32 


mesentericus. 

9.20 

14.82 

15.35 

16.07 


lactis. 

9.20 

10.35 

11.61 

12.85 


liquefaciens. 

11.60 

12.60 

15.17 

16.07 


mycoides. 

9.55 

11.07 

11.60 

12.05 



cent of ammonia produced was that by ichthyosma. Likewise 
this organism produced the highest per cent of amino acids but 
not of peptones. 
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Comments of results from data in tables 7 to 12, organisms in 
synthetic butter held at room temperature and in tables IS to 18, 
synthetic butter held in cold storage, time of holding sixty and 


TABLE 17 

Nitrogen compounds as peptones produced by the respective specific organisms 
inoculated in sterile butter held in cold storage at 0 ° to 4°C. 



30 DAYS 
STORAGE 

60 DAYS 
STOItAQS 

90 DAYS 
STORAGE 

120 DAYS 
STORAGE 

control 


per cent 

per cent 

percent 

per cent 

percent 

panis. 

5.12 

10.42 

9.59 

19.67 

0.42 

viscosis. 

1.27 

1.93 

1.09 

11.18 


vulgaris. 

4.20 

4.01 

2 09 

12 88 


megatherium. 

2.36 

1.74 

2.27 

25.45 

: 

butyricua. 


6.89 

3.19 

2.84 


coli. 

5 10 

6.79 

6 61 

7.15 


mesentericus. 

3 31 

6.78 

6.42 

6.25 


lactis. 

3.85 

5.85 

5.81 

6.61 


liquefaciens. 

4.10 

3.32 

5.70 

5.14 


mycoides. 

3.12 

1.88 

2 40 

4 05 



TABLE 18 


Summary of tables 11 to 15 showing the increase of ammonia , nitrogen , compounds 
not precipitated by phosphotungstic acid and peptones by the action of 
specific organisms in synthetic butter held in cold storage for 180 days 


• 

AMMONIA 

NITROGEN not 
PRECIPITATED i 
BY PHOSPHO¬ 
TUNGSTIC ACID 

PEPTONES 




per cent 

per cent 

per cent 

panis. 



1.148 

20.76 

19.25 

viscosa . 



0.818 i 

12.93 

10.76 

vulgaris. 



0.565 

16.46 i 

12.46 

megatherium .... 

. 


0.648 

7.06 

25.03 

butyric us. 



0.978 

7.66 

2 42 

coli. 



0.396 

0.17 

6.73 

mesentericus. 



0.523 

4.82 

5.83 

lactis. 



0.165 

1.24 

6.19 

liquefaciens. 

m 


0.698 

5.71 

1.72 

mycoides. 



1.156 

4.00 

2.63 


one hundred and twenty days, respectively. In the synthetic butter 
there was a continued increase in the acidity of all organisms 
studied. S. lactis produced an acidity of 0.34 per cent during 
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storage of sixty days at 20°C., table 7. In the synthetic butter 
held at 0° to 4°F. for a period of one hundred and twenty days, 

TABLE 19 

A comparison of the actions of proteolytic organisms on the proteins in milk at room 
temperature , synthetic butter held at room temperature , 20°C. and synthetic 
butter held in cold storage 0° to 4°C. 


ORGANISMS 

NITROGEN NOT PLECIPITaTED BY 
PIIOSPHOTUNG8TIC ACID 

nitrogen as peptones 

Milk 

Synthetic butter 

Milk 

Synthetic butter 

Room 

tempera¬ 

ture 

Room 

tempera¬ 

ture 

Cold 

storage 

Room 

tempera¬ 

ture 

Room 

tempera¬ 

ture 

Cold 

storage 

At end of 
45 days 

At end of 
60 days 

At end of 
120 days 

At end of 
45 days 

At end of 
60 days 

At end of 
120 days 


per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

an is 

13 53 

13 76 


8.79 

18 66 

19 25 

ulgaris . 

5 27 

10 27 


0 90 

10 36 

10.76 

legatherium 

24 19 

18 13 


4 83 

15.36 

25 03 

lesentericus 

15 00 

14 83 

4 82 

20 62 

6 96 

5 83 

quefaciens 

26 93 

15 09 

5 71 

17 36 

3 03 

1 72 

lycoides 

15 06 

I 10.09 

i 

4.00 

17 92 

9 65 

2 63 

Average . 

16 65 

12 02 

9 30 

11.70 

10 06 

10 90 


TABLE 20 

Acidity of the inoculated milk and synthetic butters at the end of the respective 
periods of incubation 

Tabulated for the purpose of comparing the acidity produced by these proteolytic 
organisms with results as shown in table 19 


ORGANISMS 

MILE 

SYNTHETIC BUTTER 

Room 

temperature 

Room 

temperature 

Cold storage 


per cent 

per cent 

per cent 

panis. 

0 450 

mmm 

■ 

vulgaris. . 

0 108 

BH 


megatherium. 

0 414 

0 022 


mesentericus. 

0 560 

0 248 


liquefaciens. 

0 675 

0 101 

0 140 

mycoides. 

0 540 

0.125 

0 135 

Average. 

0.458 

0.109 

0.07 


S. lactis produced an acidity of 0.244 per cent. The same rela¬ 
tive increase in acidity followed when the butter was stored at 
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room temperature for sixty days as when stored at 0° to 4°C. 
except for B. panis migula, Proteus vulgaris and B. megatherium 
which produced no acidity as shown by the control. 

The production of ammonia by the respective organisms is 
shown in tables 8 and 14. In each instance there was a gradual 
increase of ammonia by the organisms whether butter was held 
at room temperature or in cold storage and this quite uniformly, 
there being few exceptions. It is to be noted that B. panis migula 
and B. mycoides produced as much ammonia when butter was 
held for sixty days at room temperature as when held at 0° to 
4°C. for one hundred and twenty days. 

That there was a continual increase of both the amino acids 
and peptones during storage is clearly shown in tables 9 and 11 
for butter stored at room temperature, and in tables 15 and 17 
for butter stored at 0° to 4°C., there being few exceptions. It is 
especially to be noted that organisms active in ammonia produc¬ 
tions were also correspondingly active in hydrolizing the proteins 
to amino acids and peptones. 

In this investigation the "hydrolysis of milk proteins in milk and 
synthetic butters into simple compounds during a period of 
forty-five, sixty and one hundred and twenty days is shown in 
table 19. The organisms are selected for the reason that they 
were used in both the milk and synthetic butters. 

DISCUSSION 

In the study of the action of proteolytic organisms we are 
concerned with end and cleavage products formed. The com¬ 
position of the media at the beginning and the chemical changes 
produced during the investigation furnishes evidence as to the 
character and progress of the changes brought about by organ¬ 
isms used. 

# 

It is to be noted that all organisms producing ammonia hy- 
drolized a corresponding amount of proteins into amino acids and 
peptones. While there is considerable variation in the ratio of 
these cleavage products for different organisms, this variation 
may be accounted for if we consider the proteolytic action of 
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enzymes. In our comparison of the changes brought about by 
six proteolytic organisms during the respective periods of holding, 
we would, according to the law of mass action, expect a much 
greater per cent of protein in milk hydrolized than in the synthetic 
butter, there being in milk 3 per cent protein and in the synthetic 
butter, 0.6 per cent. Several important factors are involved in 
explanation of this difference. It has been shown by Sears, 
Jones and Kendall and co-workers that in presence of a utilizable 
carbohydrate, as dextrose, at least some bacteria do not secrete 
proteolytic enzymes. In the hydrolysis of lactose we have both 
dextrose and galactose which may in a great measure account for 
the retarded proteolysis of the proteins in the milk. The milk 
contains approximately 5 per cent lactose while the sjuithetic 
butter contains 1 per cent. 

The other factor, the acidity of the media seems more evident 
in influencing the proteolytic changes. For the six organisms 
the average acidity of milk was 0.458 per cent at the end of forty- 
five days, at room temperature; that of synthetic butter 0.109 
per cent at the end of sixty days at room temperature, and that 
of synthetic butter 0.07 per cent at the end of one hundred and 
twenty days at 0° to 4°C. The average per cent of acidity of the 
milk and synthetic butter at room temperature is approximately 
proportional to the concentration of the lactose. The high 
acidity in milk unquestionably influenced the normal develop¬ 
ment of the organisms as well as the activity of the enzymes. 

The proteolytic enzymes formed by bacteria may be either 
tryptic or peptic or both, the action of the enzymes on proteins 
producing amino acids in addition to peptones, suggests the 
presence of tryptic enzymes. There is no evidence as yet to show 
that each group has an optimum activity at a certain degree of 
acidity or alkalinity, nor that all proteolytic organisms secrete 
enzymes of the same character. 

In our study of B. panis migula (5), we found that when the 
acidity reached 0.45 per cent, both the production of acidity and 
proteolytic action ceased. The preliminary work suggests the 
possibility and fruitfulness of a more extended investigation of 
specific organisms and their enzymes. The influence of the 
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hydrogen-ion concentration on bacterial enzymes, the presence 
or absence of carbohydrates have not as yet been studied to 
warrant an a priori prediction. 
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VARIATIONS IN THE SUSCEPTIBILITY OF THE FAT 
IN DRY WHOLE MILKS TO OXIDATION WHEN 
STORED AT VARIOUS TEMPERATURES AND IN 
VARIOUS ATMOSPHERES* 

GEORGE E. HOLM, P. A. WRIGHT and GEORGE R. GREENBANK 

Research Laboratories, Bureau of Dairy Industry, United States Department of 
Agriculture, Washington, D. C. 

Practical experience has shown that there is no great improve¬ 
ment in keeping quality of stored butters unless temperatures 
below 0°C. are used. Relatively low temperatures are therefore 
employed even when the period of storage is short. 

The idea seems prevalent that in the case of dry whole milks 
a low temperature of storage is not an important factor. The 
work of Dahle and Palmer (1) is the only one reported wherein 
the effect of temperatures upon the rate of deterioration in dry 
whole milks has been noted. Their results are qualitative in 
nature only. They state that “the temperature at which the 
powders are stored proved to be an important factor. Not a 
great deal of difference was observed between powders stored at 
4° and 20°C., but a great difference was observed when powders 
were stored at 37°C.” 


EXPERIMENTAL 

A commercial sample of dry whole-milk powder was divided 
into two parts. One part of 1.54 per cent moisture content was 
divided into six samples, and each was stored at various tempera¬ 
tures ranging from 3° to 30°C. The other half of the commercial 
sample was divided into small lots and adjusted to higher mois¬ 
ture contents. The final moisture contents ranged from 2.60 
to 3.40 per cent. Six samples from this lot were stored at the 
same temperatures as the samples of lower moisture content. 
The susceptibility to oxidation or the induction period of each 

• Presented at the meeting of the American Dry Milk Institute, Indianapolis, 
Ind., October 3,1925. Received for publication June 18,1926. 
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sample was determined from time to time over a period of six 
months. (Lower induction period indicates increased suscepti¬ 
bility to oxidation.) The results of these experiments are shown 
in figures 1 and 2. 

The first noticeable difference in the results with low and 
relatively high moisture content powders is that in the samples 
of low moisture content the increased susceptibility is greatest 
in the first sixty days of storage, while in those of higher moisture 



Fia. 1. Showing the Increase in Susceptibility op the Fat in Milk Powder 
or Low Moisture Content to Oxidation During Storage at 
Various Temperatures 

content the rate of deterioration is retarded during the first 
sixty days, but thereafter it is more rapid for the higher tempera¬ 
tures. The rate is more regular at lower temperatures. There 
is an indication that low temperatures retard the reaction funda¬ 
mentally concerned in the oxidation when free moisture is present. 
Though the results shown in figure 2 are too inconsistent within 
themselves to warrant specific conclusions or calculations as to 
the effect of different moisture contents, a general comparison 
of the results with high and low moisture contents confirms our 
former observations that free moisture retards the rate of de- 
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terioration (2). This point is discussed later. In each case, 
for some unknown reason, results with sample 6 differ from those 
of the other samples, and this sample is therefore not considered 
representative of each lot. 

Though the moisture content of the samples used in obtaining 
the values shown in figure 1 are not considered optimum for the 
best keeping quality of this milk, a further study of these values 
gives an idea of the temperature effects upon the rate of the 



Fig. 2. Showing the Increase in Susceptibility op the Fat in Milk Powder 
of Relatively High Moisture Content to Oxidation During 
Storage at Various Temperatures 


oxidation reaction where it is not complicated by the presence 
of any appreciable amount of free moisture. 

The rates of increased susceptibility to oxidation (lowered 
induction periods) shown in figure 1 are measured by the angles 
represented by a, which the line for each sample forms with the 
ordinate. The greater the angle the less rapid is the rate of 
increased susceptibilities, and vice versa. Thus for sample 1 
stored at 3°C. the rate is considerably less (greater angle a) 
than it is for sample 5 at 25°C. (smaller angle a). Numerical 
values for the rates of susceptibility changes are therefore ob- 









36 G. E. HOLM, P. A. WEIGHT AND G. E. GEEENBANK 


tained by ascertaining the tangents of each angle. When these 
values are plotted against the temperatures of storage the rela¬ 
tive value of each temperature over the higher temperature is 
noted. 

Figure 3 indicates a regular increased keeping quality for each 
5°C. decrease in the storage temperature between 25° and 10°C. 



Fxo. 3. Showing the Changes in Time-Susceptibility Relationship with 
' Temperature of Storage 


Below 10°C. a marked increase in keeping quality is shown for 
each 5°C. decrease in storage temperature. 

It may be stated that the dry whole milk of exceedingly low 
moisture content stored at 3°C. increased in susceptibility at 
approximately one-half the rate of the sample stored at 25°C. 
(tangents 1.45 and 0.72 respectively). This is also graphically 
shown in figure 1. A drop in the induction periods to any 
chosen value requires approximately twice as long a storage time 
at 3°C. as it does at 25°C. 
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With regard to dry whole milks of higher moisture content, 
another factor, namely, free moisture, is being dealt with. This 
factor affects the rate of the oxidation. As stated heretofore, 
the results shown in figure 2 are too inconsistent to warrant 
quantitative treatment. This figure, however, indicates that 
the rates are considerably less than those in figure 1, since the 
slopes of curves are greater with respect to the ordinate. Sample 
1 in figure 2 shows a uniform rate of increased susceptibility. 
The tangent of the angle that this line forms with the ordinate is 
4, while that of sample 1 in figure 1 is 1.4. This indicates that 
at 3°C. the rate of deterioration of a dry whole milk of exceed¬ 
ingly low moisture content is roughly 3 times as rapid as it is 
in a milk of higher vapor pressure where free moisture is present. 
The average rate of increased susceptibility for nos. 4 and 5 after 
eighty-five days storage is approximately equal to the rate of 
sample 1 (stored at 3°C.) and of figure 1, as expressed by the 
values of their slopes, 1.44 and 1.40 respectively. These figures 
indicate that moisture is a very critical factor in the study of 
keeping quality, especially in the region of 1.5 and 2.5 per cent. 

These results confirm conclusions which the authors have 
reached in a previous work—that the optimum moisture content 
for spray powders of good solubility with respect to keeping 
quality is between 2 and 3 per cent. For powders with reduced 
solubility the optimum moisture content for increased keeping 
quality would be somew-hat less, the vapor pressures being the 
same. 

The subject of storage of products containing fats and oils, 
in vacuum or in inert gases, is one of considerable interest to the 
industry. Previous experiments with materials stored in carbon 
dioxide and in vacuum had given indefinite results. With a more 
accurate method available for measuring the changes that under¬ 
lie deterioration and with a better knowledge of factors to be 
controlled, attempts again were made to determine quantitatively 
the rates of changes in susceptibility to oxidation during a 
storage in air, in partial vacuum, and in carbon dioxide. 

Samples of the same dry whole milks of low and high moisture 
content were used in this experiment as w ? ere used in our previous 
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experiments upon temperature of storage. All samples were 
stored at temperatures ranging from 21° to 23°C. Samples were 
opened from time to time and the susceptibility to oxidation 
(induction period) was determined. The time when the first 
off odor was perceptible was also noted and is designated with 
an X in figure 4. An increase in the intensity of off odor is 
designated by an increase in the size of the character. 



Fio. 4. Showing the Effect of Various Atmospheres upon the Susceptibil¬ 
ity of the Fat in Mile Powder to Oxidation during Storage 

No great difference was noted between storage in partial 
vacuum and in air. Figure 4 indicates that for high and low 
moisture their relative values are reversed. In each case, 
however, storage in carbon dioxide proved the least efficient, 
the rate of susceptibility increase (lower induction period) being 
greater than for the other conditions shown. When judged by 
the olfactory sense dry whole milk stored in carbon dioxide 
always produced off odors and flavors before they were detectable 
in the samples stored in air or in partial vacuum. 
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These results are in accordance with what might be expected 
when the question is considered in the light of the effect of 
carbon dioxide upon soaps. It has been shown (3) that carbon 
dioxide can affect the splitting or hydrolysis of soaps (sodium 
salts of the fatty acids) and it seemed probable that the glycer¬ 
ides (glycerine + fatty acids) might also be affected in the same 
manner. This would produce free acids which are catalysts for 
the autoxidation of fats. These observations upon dry whole 
milks have been confirmed by results obtained upon pure milk 
fat. 


DISCUSSION 

The relative values for the susceptibility of fats to oxidation 
when stored at various temperatures, as shown in figure 1, were 
obtained upon dry whole milk which had not received clarifying 
treatment. Data previously presented indicated that this 
treatment of a milk materially improved the keeping quality of 
its dry whole milk. What effect this process may have upon 
the reaction involved is not known. The initial change that 
occurs in oxidation is undoubtedly modified greatly by the 
enzymes present, w T hich are to a great extent removed in clarifica¬ 
tion. The reaction dealt with in the clarified product is therefore 
probably one of a different order and affected to a different degree 
by temperature changes. Further work wall determine the varia¬ 
tions of changes in the two products at different temperatures. 

Results with dry whole milks of a low and relatively high 
moisture content indicate that free moisture has a decidedly 
retarding effect upon susceptibility to oxidation. For optimum 
keeping quality, therefore, a slight amount of free moisture is 
necessary. Since no two powders manufactured by different 
processes are alike with respect to their water adsorption capac¬ 
ities, each powder would have its own optimum. 

For spray powders of good solubility the optimum moisture 
content seems to be between 2 and 3 per cent. The upper limit 
which can be used will be determined by several factors, namely, 
at what moisture content hydrolysis is promoted, and at what 
moisture contents solubility is affected by storage. 
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The data upon storage in various atmospheres are too meager 
to furnish any quantitative relationships. Repeated experi¬ 
ments with butteroil have confirmed the observations recorded. 
The results indicate that carbon dioxide can not be classed as 
an inert gas when its effect upon fats and oils are dealt with. 

The results obtained with the samples stored in vacuum 
confirm previous results obtained in this laboratory. They 
indicate that keeping quality is largely dependent upon the 
inherent quality of the fat. The nature of the condition pro¬ 
ducing this inherent keeping quality has been shown to be due 
to some type of loosely bound oxygen which can not be removed 
by the use of vacuum. The amount of oxygen present in this 
form is usually sufficient to cause perceptible odors and flavors 
when it oxidizes the fat. Experiments with steam treated milk 
fat, reported in a former publication (4), tend to show this fact. 
Later experiments of more direct bearing upon this question are 
being published elsewhere (5). 

Clarification seems to remove the catalysts necessary to the 
formation of these compounds and therefore improves the inher¬ 
ent quality of the fat. The effect of vacuum storage of a clari¬ 
fied product would probably therefore not be comparable to the 
results reported here. 
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A METHOD OF INTERPRETING THE SCORES OF 
JUDGES OF DAIRY PRODUCTS* 

WALTER V. PRICE 

Department of Dairy Industry , Cornell University , Ithaca , New York 

When competent judges are scoring cheese which have been 
made for experimental purposes, they are usually urged to place 
their scores upon each cheese without reference to the scores 
which other judges place upon the same cheese. Under such 
circumstances the judges will rarely score the cheese on exactly 
the same scale. The differences which result may be even greater 
than those which will be considered in this discussion. The 
determination of the significance of such scores is difficult and the 
problem is not limited to the scoring of cheese. It is encountered 
whenever an attempt is made to interpret the opinions of judges 
of milk, butter or ice cream when their judgments are recorded as 
numerical values upon more or less variable scales. 

That the scores of the same cheese by different judges do not 
show exact agreement is illustrated in table 1, in which is pre¬ 
sented a summary of the scores which three qualified judges placed 
upon a lot of 117 different cheese. The judges scored the cheese 
independently except when occasional comments were made upon 
exceptional samples. 

Table 1 indicates rather strikingly that these judges agree upon 
neither the average score of the cheese nor upon the amount of 
variation in the scores of the series. 

When the individual scores of each judge were examined, it 
was found that they were not using the same scale of points in 
judging the cheese. This is indicated in table 2 where the extreme 
variations of the judges’ scores are shown. 

From the combined evidence of tables 1 and 2, it is apparent 
that the mental standards of the judges in scoring cheese do not 
coincide. It does not follow that these judges are unable to 

* Received for publication June 1,1926. 
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select the best cheese and the poorest cheese and to place in their 
proper relative positions the cheese of all the intermediate grades. 
It is apparent, however, that the quality of a cheese scored 86 
by A is not the equivalent in quality to the cheese which either 
B or C would designate by the same score. Judge A uses 17.75 
points of score to indicate the same range of quality which B 
scores within a range of 12.50 points and C within 12.75 points. 
A point of score on the scale of points used by each of these judges 
should have the same significance to be comparable. 


TABLE 1 

The mean scores of 117 cheese estimated by three judges 


JUDGE 

MEAN SCORE 

btandard deviation 

COEFFICIENT OF 

variation 

A 

89.26 ± 0.19 

3.03 ± 0.13 

3.39 

B 

93.25 ± 0.18 

2.91 ± 0.13 

3.12 

C 

89.95 db 0.16 

2.58 ± 0.11 

2.87 


TABLE 2 


The range of scores used by the three judges 


JUDGE 

SCORE OF THE 

BEST CHEESE 

SCORE OP THE 
POOREST CHEESE 

DIFFERENCE IN SCORE 
BETWEEN THE 

BEST AND POOREST 

A 

95.75 

78.00 

17.75 

B 

97.75 

85.25 

12.50 

C 

95.25 

82.50 

12.75 


The fact that these judges examined the same lot of cheese 
must be emphasized. Since the range of score of each judge indi¬ 
cates the difference in quality between the best and the worst 
cheese, it seems logical to assume that the range of score of each 
judge should be numerically equivalent. These ranges of scores 
can be made numerically equivalent by assuming that the range 
in quality exhibited by the cheese of the series is equal to 100 points 
on a new scale in which the poorest cheese scores 0 and the best 
cheese scores 100. On the basis of this assumption it can be 
stated that A’s range of score, which is 17.75 points, will equal 100 
points on the new scale. B’s range of score and C’s range of 
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score of 12.50 points and 12.75 points respectively, will also equal 
100. The score of any cheese of any judge can now be transposed 
to this common scale of points by a simple calculation which as a 
formula can be stated as: 


100 ($ — m) 

x —- 

r 

In this formula x equals the score of the cheese on the scale of 
100; r equals the maximum actual score of the judge minus his 

TABJ.E 3 

The actual and ratio scores of 10 of the 117 cheese examined by the three judges 


CIIKKSR NUMBER 

jrooKv 

i 

JUDGE B 

JUDGE C 


Act util score 

1 Hut ion core 

Actual score 

Hat io score 

Actual score 

Ratio score 

1 

91.50 

76 0 

92 50 

58.0 

. 

89.25 

52.9 

2 

88.00 

56.3 

94.25 

72 0 

91.50 

70.6 

3 

88 50 

59 1 

92.50 

58 0 

92 00 

74.5 

4 

90 50 

70 4 

96 00 

86 0 

91.00 

66.6 

5 

88.50 

59 1 

95.25 

80 0 

89.50 

54.9 

6 

95.75 

100 0 

97.25 

96.0 

95.25 

100.0 

7 

90.75 

71.8 

94.50 

74 0 

91.00 

66.6 

8 

94.25 

91 5 

95.75 

84.0 

95.00 

98.0 

9 

95 50 

98.6 

96 75 

92 0 

95.00 

98.0 

10 

93.25 

85 9 

96 25 

88.0 

93 50 

86.3 

Average. 

91.65 

76 9 

95 10 

7S.8 

92.30 

76.8 


minimum actual score; s equals the actual score of the cheese; 
and m equals the minimum actual score of the judge. 

This “ratio score/' as it might be called, indicates the quality 
of a cheese relative to the quality of ail the other cheese in the lot 
examined. 

To illustrate the application of this formula, the actual scores 
of judges A, B, and C on ten cheese selected at random from the 
117 examined are presented in table 3 with the equivalent ratio 
scores calculated from the value of r and m given in table 2. 
Judge A, for example, gives cheese no. 1 in table 3 an actual score 
of 91.50. His maximum actual score, 95.75, less his minimum 
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actual score, 78.00, gives a value for r of 17.75. Substituting 
in the formula: 

. 100 <«.» - 78.00) _ 

17.75 

This ratio score method of interpreting the significance of the 
scores of the cheese judges is not advanced with the idea that it is 
a perfect solution of the problem but rather as a tentative ap¬ 
proach toward a common method of showing the results of ex¬ 
perimental work where the quality of the product is involved. 
The method may be criticized adversely because it depends on 
the extreme range of the actual scores. Judges may allow their 
liking for a good product to influence unduly their highest score 
and may also cut too severely the score of the poorest sample. 
On the other hand this treatment of the judges’ scores gives a 
series of numerical values which indicate the quality of the cheese 
examined on a scale of points common to all the judges. These 
values may be more correctly used than the judges’ actual scores 
in determining the mean, standard deviation or the probable 
error of the series. 



A PHOTOGRAPHIC METHOD FOR OBTAINING 
ACCURATE MEASUREMENTS OF ANIMALS* 

E. W. JENKINS 

Vermont Experiment Station, Burlington, Vermont 

In connection with certain feeding experiments under the 
direction of Prof. H. B. Ellenberger, 1 it seemed desirable to ob¬ 
tain photographic records of the size and condition of the animals 
at frequent intervals. In pictures of this sort which have been 
made hitherto, the measurements usually have been indicated by 
a background, placed behind the animal, and ruled off in squares, 
or by a screen of intersecting wires placed in front of the animal. 
Both of these methods are open to criticism since they do not give 
a true measurement. The ruled background makes the animal 
appear larger than it actually is, while the screen in front reduces 
the apparent size. 

This condition is shown diagrammatically in figure 1. The 
line CC represents most nearly the true measurement of the 
animal, the shorter line AB the size indicated by the screen, 
placed in front, and the longer line A'B' the size as shown on the 
background. 

In order to avoid the error involved by the use of either of the 
two methods just described the writer worked out a method 
which records the actual size of the animal. Bars, scaled off at 
the desired intervals, were arranged to make a frame entirely 
surrounding the subject so that the animal could be placed in 
such a manner that the plane of the center of its body corre¬ 
sponded with that of the frame which gave the scale of measure¬ 
ment. An ordinary background was used and the frame was so 
made that it could be moved forward or backward and set at any 
desired distance away from the background. The accompanying 
pictures show the details of the construction of this apparatus. 

* Received for publication January 2,1926. 

1 Head, Department of Animal and Dairy Husbandry, University of Vermont 
and Vermont Experiment Station. 
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Figure 2 shows the frame surrounding the animal. The sec¬ 
tion of the frame resting on the platform upon which the animal 
stands is also shown in figure 5. The white marks on this section 
of the frame in this picture indicate the scale of measurement cor¬ 
responding to that on the sides and top of the frame as shown in 
figures 2 and 4. Figure 3 shows the relative position of the frame 
and the animal. The bottom supports of the frame slide back¬ 
ward or forward in grooves and the position of the frame may be 



Pos/t/on of Co/f -' * 

/ 

Post?/on of £ac/rprovr?c/'' 

Fig. 1. The Object to Be Measured Must Be in the Same Plans as ths Scale 

of Measurement 

readily changed and fastened securely by means of ordinary 
clamps. 

In order to have the camera at the desired place each time, 
an adjustable camera stand was built so that the camera could 
be set at a known* height above the platform. A track was built 
in front of the platform running at exactly right angles to it. 
The platform and track were leveled up so that the camera would 
be perfectly square with the background in whatever position the 
camera was placed. The slide on the camera stand, and also the 
track were marked with a scale so that any position of the camera 
might be recorded and duplicated if desired. 
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Fiu. 3. The Position of the Animal in Relation to the Frame 
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l‘JG 4 Mkasi kkments by this Improved Method 



Fig 5 . Measurements by tiie Ruled Background Method 
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After the negative is made the squares are ruled off with a 
ruling pen, using waterproof black India ink, and stopping when 
the line strikes any portion of the animal’s body. Thus when the 
prints are made the lines show up white. In the case in question, 
as the calves were black and white, a gray background was used 
which would contrast with both the black and the white. Of 
course if it is desired, the lines can be ruled on the finished print. 

The difference in the size of a six months’ old calf photographied 
against a ruled background and by the improved method is 
shown in figures 4 and 5. Figure 4 illustrates the improved 
method and figure 5 the ruled background. The camera was 
exactly the same distance from the calf in each case but the size 
of the calf as indicated by the scale is quite different. 

Although this method is not quite as simple as those that have 
been previously used, yet it would seem that the increased accu- 
. racy obtained is worth much more than the extra work involved. 



STUDIES ON YEASTS IN DAIRY PRODUCTS 

II. GENERAL GROUPING OF THE MORE NUMEROUS TYPES 
W. A. CORDES 1 and B. W. HAMMER 

One of the objects of the studies that have been carried out by 
the dairy section of the Iowa Agricultural Experiment Station on 
the yeasts found in dairy products has been the eventual develop¬ 
ment of a system of classificaton that will make possible the easy 
and accurate identification of yeast cultures isolated. Because 
of the wide range of forms found among the yeasts such a classifica¬ 
tion necessitates a separation of the organisms into groups with 
those in each group having relationships, more or less close, 
that naturally throw them together. A grouping that has been 
in use for several years is herein presented with the idea that it 
may serve as a starting point in the development of a scheme of 
classification for the yeasts found in dairy products; a rearrange¬ 
ment and further division of the groups is to be expected but can 
only be made as a result of a detailed study of the organisms 
belonging to each. 

The organisms in certain of the groups have been studied in 
considerable detail while {hose in other groups have not. The 
results obtained indicate that the grouping adopted, although 
incomplete, is of help in a consideration of the yeasts isolated 
from milk and cream and their derivatives. 

Grouping of yeasts found in dairy products 

A. Group 1. Yeasts producing conspicuously colored colonies, 
a. Producing pink colonies. 

Includes Torula glutinis and also other forms. 

2a. Not producing pink colonies. 

b. Having yellow colonies due to associative action with Aspergillus 
niger . 

Various species of yeaBts are here involved. 

2A. Yeasts not producing conspicuously colored colonies. 

B. Group II. Yeasts producing dull, spreading, irregular-edged colonies 
on whey agar. 

1 Formerly assistant in dairying, Iowa Agricultural Experiment Station. 
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a. Growth very thin on whey agar; action on sweet milk inconspicuous. 

Includes Mycoderma monosa. 

2a. Growth on whey agar fiat but not thin as under “a"; rapid digestion 
of sweet milk. 

Includes a type commonly found but not yet described. 

2B. Yeasts not producing dull, spreading, irregular-edged colonies on whey 
agar. 

C. Group III. Yeasts showing white, smooth-edged colonies and 
pronounced gas formation in milk, 
a. Optimum near 37°C.; cells oval. Torula cremoris. 

2a. Growth slow if at all at 37°C., but good at30°C.; cells spher¬ 
ical. Torula sphaerica. 

2C. Group IV. Yeasts showing white, smoothed-edged colonies but no 
gas formation in milk—common white yeasts, 
a. Gas produced is saturated sucrose bouillon. 

Includes Torula lactis-condensi, and probably other forms. 

2a. No gas in saturated sucrose bouillon. 

Includes a great variety of species many of which produce 
no change in sweet milk. 

Groups I and II are separated from the other groups on the 
basis of the appearance of the colonies; this is done primarily 
for the reason that the first information in regard to a culture iso¬ 
lated relates to its colony appearance and accordingly any division 
that can be made on such a basis is very desirable. The division 
of the organisms not included in groups I and II cannot be made 
on the colony basis because there ^is nothing characteristic, but 
the organisms belonging to group III can easily be separated from 
those of group IV by inoculating into litmus milk and examining 
for gas formation; after some little experience the organisms of 
group III can be recognized by the odor produced in pure cultures 
in agar, milk, or other materials. Group IV is really a catchall 
group which further studies are certain to divide up; the organisms 
in this group apparently present the greatest difficulties from the 
standpoint of an adequate classification. 

The groups established in the scheme are believed to be ar¬ 
ranged in such a way that the one to which a given organism 
belongs can be determined in the easiest possible manner. The 
group of colored colony yeasts is put first because one of the most 
striking and easily noticed characters of a colony is its color; in 
young colonies the color production may not be as pronounced 
as in older ones, but any grouping involving cultural characters 
must necessarily be dependent on cultures that had been allowed 
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a reasonable time to develop. In subsurface colonies the color 
of the pink yeasts is often not as pronounced as in surface colonies 
but ordinarily it is intense enough to be easily recognized in 
plates that are several days old. The dull, spreading, irregular- 
edged colony distinguishing group II is another striking character 
that is quite easily recognized and readily distinguished from the 
smooth-edged, shiny colonies found with the remaining groups. 
Groups III and IV cannot be separated on the colony basis but 
group III is characterized by lactose fermentation and this is 
easily determined by observing the changes occurring in inocu¬ 
lated milk. The odor produced during the lactose fermentation 
is quite characteristic so that the organisms belonging to group III 
can often be selected on this basis also. 

Group IV, the common white yeasts, is the group which experi¬ 
ence suggests will be certain to require further division. There 
are wide variations in the yeasts here included but the work so 
far done does not suggest any very logical basis for division. Dis¬ 
tinct species can easily be separated but any relationship between 
these is not as yet clearly evident. The formation of gas from 
strong sucrose solutions, e.g., saturated sucrose bouillon, is a 
suggested basis for the first division, mainly because the yeasts 
effecting this change are so important in the sweetened condensed 
milk industry; however, there seem to be organisms that can 
ferment saturated sucrose bouillon that cannot ferment sweetened 
condensed milk. 

The grouping given does not include all the yeasts that can be 
isolated from dairy products, but does include those that have 
been isolated often enough to be considered of significance. 
Tor example, a yeast producing a brown color was isolated from 
cream and there is no provision for this in the scheme of grouping, 
although a place could easily be provided. This yeast, however, 
has never been found again and while it is of interest because of 
the rarity of yeasts producing a brown color, a study of only one 
culture cannot give an adequate idea of it so that its description 
had best be left until other cultures are found or some special 
importance seems attributable to it. Descriptions of organisms 
based on only one culture cannot take into account the variations 
occurring in the species and are thus likely to lead to needless 
confusion in the literature. 



THE USE OF VARIOUS FORMS OF OXYGEN IN THE 
TREATMENT OF ABNORMAL FERMENTATION 
IN SWISS CHEESE* 

K. J. MATHESON, A. J. BOYER, and DONALD H. WARREN 

Research Laboratories, Bureau of Dairy Industry , United States Department of 
Agriculture , Washington, D. C\ 

One of the most common difficulties encountered in the manu¬ 
facture of Swiss cheese is the development of the so-called nissler 
fermentation. A nissler fermentation is one in which the gas- 
producing organisms are present in such numbers or in such a 
state that the ordinary lacto bacilli in the whey rennet or “Lab,” 
or the bulgaricus starter fail to hold the gas-producing organisms 
in check, and as a result the cheese does not have a firm, solid 
curd but is filled with numerous small holes sometimes one- 
sixteenth to one-eighth of an inch in diameter. Such a cheese is 
spoken of as a nissler, or a cheese with a thousand eyes. When 
a very vigorous and rapid fermentation takes place while the 
cheese is on the press so that the cheese huffs and may spread over 
the side of the press hoop, it is spoken of as a pressler cheese. 
Either of these fermentations may result from overripe or dirty 
milk, from contamination through unclean utensils, or even from 
the use of overripe or gassy "Lab” or "sour.” The prevalence of 
these abnormal fermentations follows the seasonal temperatures 
closely. In general, the highest percentage occurs during the 
summer months; the lowest in the spring, fall, and winter months. 

At Grove City, Pa., where milk is delivered once a day, result¬ 
ing formerly in a high percentage of nissler cheese during the 
summer months, it has been found that during this period the 
number of such cheeses could be reduced to a comparatively 
low percentage by chilling the milk to 50°F. as soon as it reaches 
the creamery. In the case of milk delivered once a day, the 
nissk * fermentation often manifests itself while the cheese is 

* Received for publication June 15,1926. 
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on the press and is ordinarily determined by sounding with a large 
spoon. In this case no huffing is in evidence. If a cheese sounds 
more or less over the entire surface instead of in one or two spots, 
it will very likely prove to be a nissler. Occasionally a cheese will 
sound over the entire surface and still not show any indications of 
gas except within an inch or so of the edge. Such a condition 
may be brought about as a result of too rapid cooling or of too 
frequent turning while on the press. When a cheese sounds in 
only one or two spots it is probably an indication of whey pockets 
which, as the name suggests, are merely isolated areas wherewhey 
collects and is not properly expelled. 

Another means of determining whether or not a cheese is a 
nissler is by examining it with a small Roquefort trier at the time 
it is removed from the brine tank. If no holes are present in 
cheese made from milk delivered once a day, it probably is not a 
nissler, although this fennentation may occasionally develop later 
in the curing process. 

In case of abnormal fermentations in cheese made from milk 
delivered twice a day, the cheese seldom sounds while on the press; 
and very careful examination is often required later to detect the 
minute holes which, when present, are a fairly certain indication 
of a nissler condition. Some manufacturers claim that these pin 
holes do not develop for sfeveral days after the cheese has been 
removed from the brine tank. 

Pasteurization has been used to a limited extent in an effort to 
control these types of fermentation. A patented process, how¬ 
ever, prevents the general use of the holding system of pasteuriza¬ 
tion of milk for the manufacture of Swiss cheese. Results ob¬ 
tained by the holding system of pasteurization have not always 
proved satisfactory as the cheese manufactured after the milk 
has been pasteurized often cracks or checks internally, and at 
times an abnormal fermentation may even develop causing it to 
be no better than a No. 2 grade. In general, pasteurization of 
milk for making this kind of cheese tends to delay the eye forma¬ 
tion until the curd has lost some of its normal elasticity; and as a 
result, the cheese either checks or has a tendency toward becom¬ 
ing glaesler. A glaesler cheese is one that usually cracks or splits 



ABNORMAL FERMENTATION IN SWISS CHEESE 


55 


crosswise to the flat surface, or one near the surface of which small 
checks form which frequently are only an inch or so in length. 
Unless the cheese is made on an extensive scale the cost of equip¬ 
ment and the extra labor required makes the pasteurization of 
milk for Swiss cheese impractical for the average factory. 

In factories receiving milk once a day it appears that it is the 
anaerobic rather than the coli-aerogenes types of organisms 
which are primarily responsible for these abnormal fermentations. 

At present the most practical means of controlling these abnor¬ 
mal fermentations is by the production of clean, quickly cooled 
milk and the use of an active, pure bulgaricus culture. Even 
when these conditions prevail, cheeses of either thenisslerorpress- 
ler type sometimes result. 

Since bacteriological studies have often indicated the presence 
of anaerobic spore-forming bacteria in the milk and cheese, the 
use of some form of oxygen as the means of treating milk sug¬ 
gests itself. By adding gas-producing anaerobic cultures to milk, 
studies have been made on the effect of the use of ozone, oxygen 
and aeration in checking subsequent gassy fermentations in 
Swiss cheese. 

THE USE OF OZONE IN THE TREATMENT OF MILK 

Attention was first directed toward the possibility of utilizing 
gas in the treatment of abnormal fermentation occurring in milk 
as a result of an article on this subject by Emil Weiner and W. 
Freund (Vergl. W. Freund, Chem. Ztg., 1911, S. 905; and Weiner 
klin. Wochenschr., 1910, Nr. 26). A summary of Weiner’s 
results is as follows: Very good results were obtained in the 
sterilization of milk by first atomizing the milk and then blowing 
through it a very strong concentration of ozonized air (0.03 to 
0.4 gram per cubic meter) and following this by reatomizing the 
milk and blowing it thoroughly with sterile air so as to drive off 
the surplus ozone. In this way it is claimed that the treated milk 
was absolutely freed from all pathogenic bacteria. It appears 
that the acid bacteria of milk were not much affected but that the 
ozone was extremely active toward foreign organisms. Further 
claims are made that when milk is treated in this way, the taste 
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and odor of the milk are not affected, nor are the vitamins or 
proteins. Doctor Freund also used ozone in his attempts to 
sterilize milk by running ozonized air through milk for a period of 
ten minutes,. This treatment rendered the taste and odor of the 
milk so offensive that it could not be used for practical purposes. 
In order to use ozone it is necessary to atomize the milk so as to 
expose a maxim um surface. It is also essential to dispose imme¬ 
diately of the surplus ozone by reatomizing the milk and blowing 
it with sterilized air. 

The practicability of atomizing milk in order that it might be 
more effectively treated with ozone and further treated with 
sterile air did not seem to offer any possibilities, at least so far as 
the manufacture of Swiss cheese is concerned. There seemed a 
possibility that the injurious effects of the ozone might be dissi¬ 
pated during the process of manufacture and curing of cheese. 

METHOD OF TREATMENT 

All milk used in these experiments was first mixed in a large 
holding, tank, weighed, and equal quantities run into small ex¬ 
perimental kettles, each holding approximately 700 pounds. The 
milk was thoroughly mixed with the exception of a small portion 
used for standardizing purposes. This milk was put into a kettle 
and heated to the proper temperature, separated, and then equal 
portions added to the experimental kettles. Each kettle re¬ 
ceived similar quantities of the Bacillus bulgaricus, the eye cul¬ 
ture, and rennet in suitable proportions. In addition to the usual 
Swiss starter a gas-producing spore-forming anaerobe which was 
originally isolated from a Swiss cheese was also added. The 
purpose of this organism was to develop a gassy fermentation in 
the cheese. Only one kettle was treated with oxygen, the other 
served as a check. * Each pair of cheeses was manufactured as 
nearly alike as possible. The quantity of milk used each day 
varied somewhat, but usually 450 to 650 pounds of milk were 
used for each cheese. 

The ozone was prepared by running air first through sulphuric 
acid and then through an ozone machine in which currents of air 
passed between two highly charged electric plates. The ozone 
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thus generated was conveyed from the machine to the milk by 
means of a glass tube with connections sealed with paraffin. The 
ozone was not as a rule run through the milk vigorously but at a 
fairly uniform rate of possibly 15 to 20 cubic feet per half hour 
the milk being stirred meanwhile by means of an agitator. At 
the conclusion of the ozone treatment, air was blown through the 
milk rather vigorously for five to ten minutes. It was possible to 
record only the time at which the ozone was run in, or the number 
of cubic feet of the gas used, since the quantity of ozone actually 
absorbed by the milk could not be measured. As indicated in 
table 1 ozone was run into milk for periods varying from fourteen 
to forty-five minutes. Since the presence of ozone gas coming 
from the milk was easily discernible by its characteristic odor, 
there could be but little question as to when the gas was generated. 
With the exception of a few cases, the same quantity of milk was 
used in each kettle. In these cases the difference in the weight 
of the milk was only about 20 pounds so that this variation would 
not seem sufficiently great to influence appreciably the final 
results. 

The ozone was run into the milk at temperatures varying from 
3° to 33°C.; in a few cases no record was made of the temperature. 
When this was done the milk was not warmed and seldom ran 
above 12°C. In all cases the temperature of the check kettle 
was held as nearly like that of the treated kettle as possible. The 
anaerobic culture was added to the milk just before the introduc¬ 
tion of the ozone gas, the bulgaricus and eye cultures just before 
the addition of the rennet. 

DISCUSSION OF RESULTS 

Table 1 gives the results obtained by adding an anaerobic cul¬ 
ture to milk and treating it with ozone. About 44.44 per cent of 
the cheeses showed no gas, 38.88 per cent showed improvement 
while 16.66 per cent showed no improvement as compared to 
the check cheeses. Seventy-five per cent of the ozonated cheeses 
had an off flavor, while 25 per cent showed no off flavor. 

In many cases the cheeses were huffed so much that the edges 



TABLE 1 

Effect of ozone on the flavor and gassy fermentations of Swiss cheese 
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extended over the edge of the hoop and were so badly pressler 
that further experimentation could not be carried on, and they 
were accordingly cut for examination. In a few cases the cheeses 
showed nissler tendencies throughout, but more often the gas 
was only in evidence for a few inches at the edge, or at those 
points where the cheeses cooled the quickest. With large cheeses 
weighing over 100 pounds there is often a difference of from 2° 
to 3°C. between one point of the cheese and another. In a few 
days there was only a trace of gas in the interior, a condition which 
may occasionally happen whether or not gas cultures are added 
to the original milk. The cheese indicated by the positive sign 
in table 1 showed no gas either at the edge or at any point on the 
interior. 

In cheese 3 a whey starter was used instead of the usual skim 
milk starter. In this particular case the acidity was somewhat 
higher than that usually employed with whey starters. A very 
high acidity in either whey or skim milk starter caused by too 
long an incubation period may weaken the organisms to such an 
extent that they fail to function normally. 

In cheese 4 the ozone was run into the milk for fourteen minutes 
whereas in most cases it was run for about thirty minutes. This 
may have been an insufficient treatment of the milk. 

In cheese 17 the bulgarian culture was added to the milk prior 
to the treatment with ozone instead of later, as was done in all 
other cases. It is possible that the ozone may have influenced 
the development of the bulgarian culture. 

In those cases where an improvement was noted as a result of 
the ozone treatment, the check cheese showed gas to a greater 
distance from the surface, or to a greater degree. 

There was a distinct off flavor in 75 per cent of the ozone-treated 
cheese. The flavor of the cheese was comparable to the charac¬ 
teristic odor of the gas. The intensity of the flavor in the ozonized 
milk cheese seemed to vary somewhat from day to day even 
when the milk was treated in the same manner. Generally, 
however, the defective flavor was so pronounced as to render the 
cheese unmarketable. Four of the ozonized milk cheeses showed 
no noticeable off flavor, but in most cases an unpleasant flavor, 
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which failed to disappear during the curing process, developed the 
day after making. 

While the use of ozone might prove an economical means of 
treating milk containing anaerobes, the fact that the resulting 
cheese in most cases showed a distinct off flavor makes it appear 
doubtful whether such a gas could ever be used commercially 
for the treatment of milk used in the manufacture of Swiss cheese. 

THE USE OF OXYGEN IN THE TREATMENT OF THE GASSY 
FERMENTATION IN SWISS CHEESE 

In conducting these experiments oxygen was run into milk 
through a glass tube to which a perforated coil was attached, thus 
allowing a better distribution of the gas. The temperature of 
the milk varied from 6° to 17°C., the qualtity of gas used from 5.5 
to 30 cubic feet per kettle, and the cheeses were made experi¬ 
mentally as with the ozone treatment. Table 2 gives the results 
obtained by adding a pure culture of a spore-forming anaerobe 
to milk and treating it with oxygen. 

DISCUSSION OF RESULTS 

Somewhat better results were obtained from the use of about 
20 cubic feet of oxygen instead of 10 cubic feet. However, as in 
the case of the ozone, oxygen did not always check the gassy 
fermentation. Negative results were obtained when oxygen was 
added to the milk at both a high and a low temperature. 

The effect of oxygen in the treatment of milk to which pure 
cultures of gas-producing spore-forming anaerobes were added is 
summarized as follows: 

In about 59.25 per cent of the cheeses made the gas was com¬ 
pletely checked by oxygen, in 22.22 per cent there was an improve¬ 
ment, and in 18.51 per cent no improvement was noted as com¬ 
pared to the check cheeses. 

Nine pairs of experimental cheeses were made on a factory scale. 
One half of them received oxygen, while the remainder were 
used as controls. The milk was first mixed in a holding vat, 
divided, and then manufactured into cheeses as nearly alike as 
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possible. Unfortunately from an experimental standpoint, only 
two cheeses showed nissler tendencies. With these two pairs of 
cheeses there was a striking contrast. In one case the oxygen- 
treated cheese was a good No. 1, in the other case a fancy, whereas 
the untreated cheeses were both No. 2. Neither of the No. 2 
cheeses was, strictly speaking, pin-eyed nissler, but both were 
filled with numerous small eyes perhaps $ to J inch in diameter. 
These cheeses were made from 1550 to 1650 pounds of milk; the 
oxygen-treated cheese received 100 cubic feet of the gas in the 
original milk. In the other seven pairs of cheeses there was but 
little difference between the treated and untreated cheeses. The 
results here seem sufficiently favorable to warrant further experi¬ 
mentation to determine just how small a quantity of oxygen might 
be used to give effective results. 

During the initial stage of eye development there was a marked 
contrast in eye formation between the nine pairs of treated and 
untreated cheeses, but upon final examination this earlier im¬ 
provement was less marked except in the two cases above men¬ 
tioned. These cheeses were all cut and sold locally, thus afford¬ 
ing a good opportunity for careful examination. 

One advantage in the use of oxygen is the fact that it has little 
or no injurious effect upon the flavor of the cheese under the 
laboratory conditions of the Bureau of Dairy Industry. With 
quantities of oxygen used it would cost about $1.00 to treat the 
milk for 150 to 160 pound cheeses. It is possible that in the 
experiments carried on in the laboratory when gas-producing 
cultures were added their number would be considerably in excess 
of what would normally be found in commercial milk. The gas 
cultures were grown in skim milk and thus particles of curd were 
introduced into the milk, a condition which does not afford so 
favorable an opportunity for oxygen treatment as in the case of 
commercial milk. 

THE GERMICIDAL AND INHIBITORY ACTION OF OXYGEN 

The action of oxygen on a spore-forming anaerobe used in 
these experiments indicates that the gas has a germicidal and 
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inhibitory action on the organisms as indicated by dilution tests. 
Flasks containing 1000 cc. of milk were sterilized, cooled and 
inoculated with 2.5 per cent of the freshly grown gas-producing 
culture. Oxygen was run into half the flasks for periods of five, 
fifteen, and thirty minutes, while the remainder of the flasks served 
as checks. Dilution tests were then made in freshly sterilized 
milk tubes up to the sixth dilution from both the treated and 
untreated flasks. A period of one half hour was allowed to inter¬ 
vene after the oxygen treatment before transfers were made to 
the milk tubes, which were then placed in an incubator at 37°C. 
Four trials were made with dilution tests as indicated in table 3. 

Dilution tests indicate some germicidal action in the tubes 
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from flasks treated with oxygen for five and fifteen minutes and a 
rather marked action when treated for a period of thirty minutes. 
In one case the milk was sterile, and in another case growdh 
occurred in the first dilution as a result of the oxygen treatment 
for thirty minutes. 

The original flasks treated with oxygen showed only a little, 
gas, and in the case of the thirty-minute treatment, practically 
none when incubated at 30°C. for twenty-four hours; whereas the 
corresponding check flasks showed the presence of gas to a marked 
degree. The oxygen-treated flasks gave a solid marblelike curd 
and very little if any gas was in evidence even after a period of 
several days. The action of oxygen on the spore-forming 
anaerobes, therefore, appears to be both inhibitory and germicidal. 
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THE EFFECT OF AIR ON THE GASSY FERMENTATION IN SWISS CHEESE 

Several experiments were made to determine what effect 
running air itself through the milk would have on the gassy fer¬ 
mentation. The results of the following experiment are shown 
in table 4: In cheeses 1 and 2 air was run into milk by means of 
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a copper coil; in nos. 3, 4, and 5 the air was forced through the 
milk by means of an especially constructed aerator, the purpose 
of which was to insure a maximum aeration of the milk. The 
aerator consisted essentially of a cylinder of two compartments 
separated from each other by means of a perforated disc of tin 
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containing 75 small holes through which the milk slowly perco¬ 
lated from the upper to the lower chamber. Beneath the level 
of the lower chamber the milk was drawn off by a pipe containing 
a U-shaped bend. Several inches of free space thus existed be¬ 
tween the surface of the milk and the disc. Air was forced into 
the lower chamber by means of a motor-propelled sirocco fan 
which caused the air to come in contact with the milk dropping 
from the upper chamber and then to pass through the perforated 
disc into the milk in the upper chamber. Gas cultures were not 
used in cheeses 4 and 5 as the milk was of poor quality. 

Experiments show that Swiss cheese made from milk treated 
with air showed no improvement with respect to checking gassy 
fermentations. 

SUMMARY 

Ozone and oxygen had a somewhat similar effect in checking 
gassy fermentation in Swiss cheese occasioned by the introduction 
of spore-forming anaerobes and did not interfere with the normal 
functioning of the ripening agents. Within the limits used the 
temperature did not seem to influence appreciably the effective¬ 
ness of these germicides. 

Ozone, however, generally imparted such an objectionable 
flavor to the cheese as to render it unmarketable. 

In the case of oxygen some advantage was observed in intro¬ 
ducing 20 cubic feet of the gas instead of 10 cubic feet. 

In two cases when oxygen was added to milk delivered once a 
day and the cheese was made upon a commercial scale without 
the addition of gas-producing organisms, favorable results were 
observed in checking nissler tendencies. This suggests, at least 
for this particular factory, that the organisms responsible for 
abnormal fermentations were anaerobic in character. 

The action of oxygen, as indicated by dilution and flask tests, 
seemed germicidal as well as inhibitory. 

In the case of air the oxygen appeared to be diluted too much 
to exert any favorable influence upon the gassy fermentation. 

Acknowledgment is given to W. R. Albus for furnishing cul¬ 
tures, and to S. A. Hall and Wm. T. Johnson for assistance in 
trying out the use of oxygen with Swiss cheese on a commercial 
scale. 



THE IMMEDIATE INFLUENCE OF FEEDS UPON THE 
QUANTITY AND QUALITY OF COW’S MILK 

I. THE EFFECT OF GROUND FLAX* 

WM. E. PETERSEN 

Division of Dairy Husbandry, University of Minnesota, St. Paul, Minnesota 

INTRODUCTION 

It is a commonly accepted fact that feeds in general exert no 
specific effect upon the fat percentage in milk over a long period 
of time. It is, however, generally agreed that certain feeds 
will cause a temporary increase in fat percentage which will 
gradually return to normal even though such feed is continuously 
administered. Many also believe that certain feeds will stimu¬ 
late milk production for a short period to a point that cannot be 
maintained by continuous feeding of such feeds. While these 
facts are generally known and substantiated by experimental 
evidence, a search of the literature failed to reveal any evidence 
as to how soon after the administration of a feed the stimulating 
effect occurred upon either the quantity or quality of the milk. 

If the sudden introduction of a feed into the ration will cause an 
immediate increase in the fat percentage, or the amount of milk, 
or both, then it becomes possible to take advantage of this in 
getting more credit for a cow on semi official test 1 than she actu¬ 
ally produced. It is because of this possibility that an investiga¬ 
tion was undertaken at the University of Minnesota to determine 
the immediate effect and the extent to which the quantity and 
quality of cow's milk might be affected by feeding of certain feeds* 

* Received for publication May 20,1926. Published with the approval of the 
Director as paper no. 622, Journal Series, Minnesota Agricultural Experiment 
Station. 

1 The present system of semi-official testing consists of a one or two-day test 
each month by official testing supervisors. The fat percentage found on such 
days is applied to the monthly milk production for the monthly fat credit. The 
milk weights found by the official test supervisors serve as a check upon the 
weights reported by the breeder. 
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Ground flax, being a feed commonly thought of as being capable 
of influencing both the quantity and quality of milk, was the first 
studied, and the results of which study are herein reported. 

REVIEW OF LITERATURE 

The question of the effect of various fatty feeds upon the quan¬ 
tity and quality of milk is an old one, and was the subject of much 
of the early investigational work in dairy husbandry. The 
early investigations were conducted from a standpoint of more 
or less permanent effect of continuous feeding of fatty feeds 
upon the quantity and quality of milk. While results of differ¬ 
ent workers were not uniform, the preponderance of evidence was 
to the effect that fatty feeds do not permanently affect the fat 
percentage of milk. Anderson (1) as early as 1899, in reviewing 
the literature to that time and reporting results of his own inves¬ 
tigations, came to that conclusion. Of thirteen mvestigations 
reviewed by him, only four were reported as showing an increase 
in fat due to the feeding of fatty feeds. Morgan and co-workers 
(2), summarizing the work in 1904, cited four investigators as 
having secured marked increase in amount of milk and fat per¬ 
centage; thirteen as having secured only slight increases which 
were only temporary; and three as having secured no effects from 
the feeding of fatty foods. 

That some investigators secured positive results and others 
negative results is explained by Stohman and co-workers (3) as 
being due to the fact that individuality of the animals determines 
whether or not they will respond. To this may be added that the 
short experimental periods usually used in the reversal type of 
experiment would indicate temporary effects as being permanent. 

While no investigations reported showed the immediate influ¬ 
ence, it is of interest to find that different investigators reported 
an increase in fat percentage or amount of milk or both as a result 
of feeding flax or flax products. Lindsey (4), feeding 1.4 pounds 
digestible oil, daily, in ground flax, increased the fat percentage 
from 5.0 to 5.56 per cent, which gradually returned to normal in 
four to five weeks. Einecke (5), working with goats, secured an 
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increase in milk flow in all cases when 50 grams linseed oil were 
fed daily, and an increase with some animals and a decrease 
with others when 30 grams were fed. In all cases the fat per¬ 
centage rose. Beglarian (6), feeding ground flax observed an 
increase in the amount of milk but no influence on the fat per¬ 
centage, with four cows on four experiments of eight days each. 
Morgan and co-workers (7), feeding 1 gram linseed oil per kg. 
live weight to two goats and eight sheep reported various results 
from a decrease in both milk and fat to a very marked increase. 

This brief review of the extended literature on the subject is 
sufficient to show that marked permanent effects upon either 
the quantity or quality of the milk is not seemed by the feeding 
of flax or flax products but that the temporary effects have often 
been noted. 

THE PROBLEM 

As it is fairly well established that no feed exerts a specific influ¬ 
ence upon the fat percentage over a long period of time, no at¬ 
tempt was made in this investigation to ascertain over how long 
a period of time ground flax might exert an influence. This in¬ 
vestigation is concerned primarily with the possibility of ground 
flax exerting a specific influence upon milk or milk-fat production 
of cows immediately after iqgestion. From this standpoint, the 
following factors were considered: 

1. The effect upon the fat percentage and amount of milk. 

2. Uniformity of response from time to time. 

3. Individual variations. Probable causes and factors that 
might be correlated with them. 

4. Significance of results as applied to semi-official testing. 

PLAN OP THE EXPERIMENT 

All cows on official test at University Farm during the calendar 
year were included in the experiment. The official inspection 
covering two days, with a preliminary milking each month, 
was conducted in the usual way by a regular official test super¬ 
visor. The flax feed period consisted of the forty-eight-hour 
period immediately following the regular official inspection period. 
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The tests of the flax feed period were conducted in the same man¬ 
ner and by the same supervisor as official test period. 

The ration for the two periods was the same except that on the 
last feed of the official test period and for each feed of the flax 
period, one pound of ground flax was substituted for an equal 
amount of the regular grain mixture. In all other respects the 
handling and care of the cows for the two periods was identical. 

The cows were milked three times daily until the production 


TABLE 1 

The effect of feeding ground flax upon Ike fat percentage in milk 


COW NUMBER 

BREED 

NUMBER OF 
TEST PERIODS 

AVERAGE FAT PERCENTAGE 

Normal period 

Fla* period 

Increase 

152 

Jersey 

12 

5 382 

5.671 

+0 289 

144 

Jersey 

9 

5.239 

5.484 

+0 245 

145 

Jersey 

7 

4 621 

4 636 

+0 015 

140 

Jersey 

7 

5 791 

5.844 

4*0.053 

141 

Jersey 

5 

6 630 

6.831 

4 *0.201 

143 

Jersey 

8 

6 298 

6.464 

40.166 

360 

Holstein 

9 

2 663 

2 654 

-0 009 

376 

Holstein 

8 

3 043 

3 087 

40 044 

350 

Holstein 

10 

3 058 

3 068 

+0.010 

361 

Holstein 

7 

3.480 

3.465 

—0.015 

355 

Holstein 

9 

2 959 

3.134 

+0 175 

358 

Holstein 

8 

3 320 

3.555 

+0.235 

520 

Guernsey 

7 

5 222 

5.250 

+0.030 

536 

Guernsey 

6 

4 567 

4 909 

+0.342 

526 

Guernsey 

8 

4 837 

4 971 

+0.134 

527 

Guernsey 

4 

5.179 

5 368 

+0.189 

Average. 

4.518 

4.649 

+0.131 


dropped to the point where the University Farm scale called for 
a change to two-time milking. Thus when milked three times 
daily, each cow received three pounds ground flax, and when 
milked twice daily, each cow received two pounds flax daily. 

All cows were fed alfalfa hay, corn silage, beet pulp, and the 
University Farm test ration consisting of: 


Com 

Bran 


100 parts 
100 parts 
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Ground oats.100 parts 

Barley.100 parts 

Linseed oil meal.100 parts 

Cottonseed meal. 60 parts 

Corn gluten. 60 parts 

Salt. 9 parts 


DISCUSSION OP RESULTS 

General effect upon milk and fat percentage. From table 1 it 
will be seen that the average fat percentage for the 16 cows is 
0.131 points or 2.9 per cent higher for the two-day flax periods 

TABLE 2 

The effect of feeding ground flax upon the two-day milk and fat yield 


COW NUMBER 

AVERAGE TWO-DAY MILK YIELD 

AVERAGE TWO-DAY KAT YIELD 

Normal 

period 

Flax 

period 

Increase 

Normal 

period 

Flax 

period 

Increase 

152 

52.9 

54.3 

+1.4 

2.86 


+0.23 

144 

44.3 

46.4 

+2.1 

2.32 

2.54 

+0.12 

145 

46.5 

48.0 

+1.5 

2.15 

2.22 

+0.07 

140 

36.4 

36.1 

-0.3 

2.11 

2.11 

0.00 

141 

16.8 

18.3 

+1.5 

1.11 

1.25 

+0.14 

143 

28.9 

30.2 

+13 i 

1.82 

1.95 

+0.13 

360 

106.0 

108.7 


2.83 

2.89 

+0.06 

376 

115.7 

117.6 


3 52 

3.63 

0.11 

350 

93.5 



2.86 

2.77 

-0.09 

361 

! 74.0 



2.57 

2.60 

+0.03 

355 

90.3 

! 87.8 


2.67 

2.75 

+0.08 

36$ 

80.0 

79.8 

-0.2 

2.66 

2.84 

+0.18 

520 

35.9 

37.2 

+1.3 

1.87 

1.95 

+0.08 

536 


70.5 

+1.1 

3.17 

3.46 

+0.29 

526 


52.8 

+1.5 

2.48 

2.62 

+0.14 

527 


48.4 

+0.4 

2.49 

2.60 

+0.11 

Average. 

61.9 

62.6 

+0.7 

2.47 

2.58 

+0.11 


than for the normal feed period. Further analysis reveals that 
14 out of the 16 cows increased, and only two decreased the fat 
percentage when fed ground flax. However, for the two that 
decreased and four of those that increased the fat percentage, 
the variation is less than one per cent from the normal feed period. 
For the rest the effect is appreciable, varying from increases of 





















INFLUENCE OF FEEDS ON COW’S MILK 


75 


1.5 per cent to 7.1 per cent. In four cases the actual increases 
in fat percentage are more than 0.2, and in one case it is 0.342. 

From table 2 it will be seen that on the average the milk pro¬ 
duction for the two-day flax period is 0.7 pounds or 1.1 per cent 
more than for the two-day normal feed period. Further study 
of this table reveals that different cows responded in widely 
varying degrees. Four cows declined and twelve cows increased 
in milk production when fed ground flax. The variation is from 
a decline of 3.6 per cent to an increase of 8.9 per cent. In six 
cases the increase or decrease is less than 1 per cent from normal, 
and may be considered as insignificant. 

Table 2 also shows the influence of ground flax on the fat per¬ 
centage and milk combined, and expressed as total fat production 
for the two-day period. Fourteen cows responded to the feed¬ 
ing of ground flax by increases in fat production varying from 0.9 
to 12.1 per cent over the normal feed period. In one case there 
will be noted a decrease of 0.90 pounds fat or 3 per cent, and in 
the other case, no effect. The decrease in fat production is due 
to the depressing influence of flax upon milk flow as there is no 
appreciable influence upon the fat percentage in this case. Cow 
536 was habitually low on the first milking of the official test 
which was with two exceptions the evening milking, and highest 
on the second or morning milking. It will be noted that on the 
flax period both the milk and the fat percentage is higher for the 
first milking and lower for the second milking than for the nor¬ 
mal feed period. After the second milking the fat percentage 
gradually increases reaching the maximum at the fourth milking. 

Figure 1 illustrates graphically the immediate effect of ground 
flax upon the milk production and fat percentage for three cows. 
It shows the average amount of milk and fat percentage for each 
of the six milkings during the experiment for both the normal 
feed and flax periods. Cow 152 increases both milk production 
and fat percentage when fed flax. The stimulating effect upon 
milk production was immediate as the first milking of the flax 
period was the highest which was eight hours after the first 
feeding of flax. It will also be noted that the curve for milk 
production is uniform up to the sixth milking when it drops off 
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abruptly. Fat percentage is also increased on the first milking 
but there is a gradual rise up to the fifth milking when the maxi¬ 
mum is reached. 

Uniformity of response. Figures 2, 3, and 4 illustrate what 
may be expected in the way of difference of response by different 
cows from month to month. Figure 2 is the graph, by months, 
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Fig. 1. Showing the Immediate Effect of Ground Flax Upon Fat Percentage 
and Amount of Milk on Three Cows 
The corresponding milkings of the flax feed period and the normal feed period 
are compared. 

« 

of the production record of cow 152 for both normal feed and flax 
periods. It shows that both the amount of milk and the fat 
percentage was stimulated fairly uniformly with the exception 
of the first, tenth and eleventh months of the lactation period. 
The increase in fat percentage and the decrease in amount of 
milk during the flax period of the first month may be attributed 
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to the fact that she was in oestrum during the flax period. The 
higher fat percentages for the official test period of the tenth and 
eleventh month is unaccounted for. It may be noted, however, 
that the fat percentages for these months are unusually high on 
the official test period and that the flax period presents a smoother 
curve. 

Cow 350 showed no response to feeding of ground flax as far as 
fat percentage is concerned but showed a rapid decline in milk, 
reaching the minimum at the third milking. For some unknown 



Fig. 2. Comparison bt Months op Fat Percentage and Amount op Milk por 
Flax Period and Normal Feed Period for Cow 152 


reason, this cow averaged low on the first milking of the normal 
feed period and high on the second milking. In the other cases 
where ground flax had a depressing influence upon milk produc¬ 
tion, it stimulated fat percentage sufficiently to account for an 
increase in total fat production. 

Figure 3 illustrates the uniformity of response to the depressing 
influence of ground flax upon the milk production of cow 350, and 
varied influence upon the fat percentage. With the exception of 
one month, the milk production was lower each time for the flax 
period than for the official test period. 
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Figure 4 illustrates a variance in response to the feeding of 
flax both for milk production and fat percentages. On the aver- 



Fia. 3. Comparison bt Months op Fat Percentage and Amount of Milk for 
Flax Period and Normal Feed Period op Cow 350 



Fia. 4, Comparison bt Months op Fat Percentage and Amount of Milk for 
Flax Period and Normal Feed Period for Cow 360 

age flax caused a slight increase in both milk production and fat 
percentage but a variable response from month to month. 
Individual variations and probable causes. One of the signifi- 
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cant results of this investigation is that individual animal s vary 
in the way and degree that they respond to the feeding of ground 
flax. From the data herein presented, we would not be warranted 
in concluding that ground flax has a depressing effect upon the 
fat percentage of some cows but can conclude that with some it 
has no effect and that with others the fat percentage is stimulated 
to varying degrees. With milk production, the feeding of ground 
flax may have a depressing effect on some cows, no influence on 
others, and a stimulating influence on still others. Wherever 
there was either a marked depressing or stimulating effect on 
either the average milk or fat production, such influence was uni¬ 
form each time the animal was fed ground flax. 

Neither stimulating nor depressing influences of flax feeding 
could be correlated with breed, capacity for milk production, 
normal fat percentage of milk, season of year or period of the 
lactation. As to whether or not an animal will respond by an 
increase or decrease in either the amount or the fat percentage 
of milk through the feeding of ground flax depends upon some 
unknown factor peculiar to the individual. From the data herein 
presented, it would appear that separate factors are involved for 
milk and fat percentage as a depressing effect upon milk produc¬ 
tion may or may not be accompanied by a stimulating effect upon 
fat percentage or vice versa. 

As an increase in body temperature is usually believed to cause 
an increase in the fat percentage of the milk, it was thought pos¬ 
able that the ingestion of the relatively large amounts of ground 
flax might cause metabolic disturbances that in turn might in¬ 
crease the body temperature. Temperatures were then taken 
for three consecutive months at eight hour intervals for both 
normal and flax feed periods. When analysis of the data revealed 
no increases in body temperature from the feeding of flax, this 
particular phase of the work was discontinued. 

Significance of results as applied to semi-official testing. As the 
average fat percentage credited a cow on semi-official test de¬ 
pends upon the results secured by the official test supervisor on the 
monthly one or two-day inspections, it is evident that anything 
that will immediately and temporarily increase the test will credit 
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the cow with more butterfat than she is entitled to. If milk pro¬ 
duction can be consistently increased by the specific effect of a 
feed during the one or two-day official monthly inspection, the 
owner can pad the milk reports so as to get more credit than a 
cow is entitled to, and such padding cannot be detected from 
inspection of the milk reports. Table 3 shows that by taking 
advantage of the temporary stimulating effects of ground flax 

TABLE 3 


The effect on official test record of applying flax period fat percentage and milk yield 
during experimental period 


COW NUMBER 

INCREASE OF OFFICIAL TEST BUTTERFAT RECORD MADE PPSSIBLE BT APPLICATION OF; 

Flax period fat percentage 

Combined milk and fat percentage 


pounds 

per cent 

pounds 

per cent 

152 

24 66 

4.6 

43.42 

8.1 

144 

13.21 

3.9 

17.68 

5.3 

145 

-0.10 

0.0 

8.75 

3.6 

140 

2.16 

0.9 

0.00 

0.0 

141 

2.44 

2.9 

10.03 

12 1 

143 

6.78 

3.0 

16.46 

7.3 

360 

-0.50 

-0.1 

7.82 

2.0 

376 

7.44 

1.3 

12.99 

3.0 

350 

0.84 

0.0 

-13.18 

-3.0 

361 

1.63 

0.6 

2.29 

0.9 

355 

17.72 

4.7 

9.65 

2.6 

358 

24.04 

! 7.6 

21.68 

6.8 

520 

2.17 

1.0 

8.58 

4.3 

536 

1 22.27 

7.2 

28.28 

9.2 

526 

8.35 

2.7 

16.95 

5.7 

527 

8.01 

5.0 

7.23 

4.5 

Average. 

2.8 

; 

4.5 


upon both the amount and fat percentage of milk 14 out of 16 
cows would have been credited with more than their actual butter- 
fat production, and only one would have received less credit. 
The increases in total butterfat production varied from 0.9 per 
cent to 12.1 per cent, while the one decrease amounted to 3 per 
cent. 

Cow 152 was credited officially with 536.4 pounds fat. Had 
advantage been taken of the stimulation caused by the feeding 
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of ground flax, and the results secured on the flax periods applied 
instead of the official tests, she would have been credited with 
579.8 pounds fat during the same period. Calculated on this 
same basis, cow 536 shows an increase of 28.28 pounds fat for a 
period of six months. 

With some cows, therefore, advantage can be taken of the 
stimulating effect of ground flax to secure more credit than is 
actually due on semi-official test. However, the owner must 
know how the cow is going to respond in order to do this as the 
irregularity of response of some cows from month to month will 
often give the actual milk report the appearance of having been 
padded when ground flax is fed for the official test period. 

CONCLUSIONS 

From the results of this investigation it may be concluded that: 

1. The response of animals to the feeding of ground flax de¬ 
pends upon unknown individual factors. Different animals 
respond in different ways and to different degrees, and such differ¬ 
ences are not correlated with season of the year, breed, amount 
of yearly milk production or normal fat percentage of the milk. 

2. When ground flax is fed at the rate of three pounds daily 
the majority of cows will show an increase in fat percentage. 
Such increases ranged from no effect to 7.1 per cent and averaged 
2.9 per cent. 

3. The slight decrease in fat percentage in two cases out of 
sixteen cows will not warrant the conclusion that ground flax 
may cause a decrease in fat percentage but rather that in some 
cases it has no appreciable effect. 

4. The feeding of ground flax will in the majority of cases cause 
an increase in amount of milk averaging 1.1 per cent but going up 
to 8.9 per cent, but ground flax may also have a depressing influ¬ 
ence upon the milk production with a few cows. 

5. On the average the combined influence of flax upon amount 
of milk and fat percentage increased the total fat production 
4.5 per cent. This influence varied from a decrease of 3.0 per 
cent to an increase of over 12.0 per cent. 
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6. With cows showing appreciable responses, on the average, 
the response was uniform from month to month, making it pos¬ 
sible to secure more than actual credit for cows on official test. 

7. The response, whether an increase or decrease, was imme¬ 
diate with most cows, appearing in most cases within eight hours 
after the first feeding. This makes detection of such feeding 
practices impossible from inspection of official test record. 
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DAIRY NOTES 


ADULTERATION OF MILK 

In most of the books which treat of the subject, the formulae given 
for calculation of the percentages of added water and fat removed in 
cases of adulterated milk are as follows: 

p = 100(1 - f/F); w = 100(1 - »/ K) 

f and n are respectively the percentages of fat and non-fatty solids 
found, F and N the percentages known or assumed to have been 
originally present, w the percentage of added water and p the per¬ 
centage of the fat removed. 

The first of these two formulae is not exact; and should be: 

In any case it fails entirely if the milk has been watered. The second 
is exact only if none of the fat has been removed. This is generally 
recognised and some of the books give other formulae to be used in 
special cases, i.e., when the milk has been both skimmed and watered. 

These special formulae are not regarded with much favour by 
analysts. In some cases they are too complicated; in others they are 
obviously inaccurate. If it were exact, the formula for fat removed 
should give the true result whether the amount of added water were 
large or small or even if it were zero. Similarly, the formula for added 
water would be independent of the amount of fat removed. 

In other words, if they were exact, these formulae for the special case 
of milk that has been both skimmed and watered would be perfectly 
general; they would be applicable in every case and no others would be 
required. It is the purpose of this article to show that such expressions 
can be found, that they are quite simple and that those previously 
referred to can therefore be dispensed with. The method by which 
they are derived is briefly outlined below. 

If 100 grams of milk contain 4 grams of fat and 9 grams of non-fatty 
solids and 100 grams of water be added to it there will be 200 grams of 
mixture. This will contain 50 per cent of added water and the original 
amounts, but only half the percentages, of the other ingredients. If 
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now 1 gram (25 per cent) of the fat be removed there will be left 199 
grams of skimmed and watered milk and this will contain 3 grams 
(= 1.5075 per cent) of fat and 9 grams (= 4.5226 per cent) of non-fatty 
solids. 

In general, if /' and n' be the percentages of fat and non-fatty Bolids, 
respectively, in the skimmed and watered milk and the other symbols 
as before, then: 

« f ( 10 ° - . ,, _ loo/qoo - p) 

f “ 100 ’ J 10,000 - pF 

1V(100 - tp) , 10,000n 

” = 100 ’" 10,000 - Pf 

Substituting the values of / and n in the second equation in each case 
this gives: 

= lOOHlOO - w) (100 - p) , , = 10,000Ar(100 - w) 

* ~ 1,0007000 - pF(100 - w) : n = 1,000,000 - pF(lOO - w) 

As each of these equations involves both p and w, these factors cannot 
be evaluated from either; but if they are treated as a pair of simul¬ 
taneous equations, expressions can be found for both p and w. The 
result is as follows: 


p « 100 


n'F ’ 


w * 100 



lOOn' ] 
AT(100 - ]') + n'F 


If 3 per cent of fat and 8.5 per cent of non-fatty solids be taken as the 
original amounts of these ingredients and / and n be the percentages 
found, the formulae become: 


100 


i - 


8.5/] 

3 » 


; to - 100 


lOOn 


8.5(100 - /) + 3» 


These formulae are not unduly complicated. They are exact and 
are therefore applicable'whether the milk is both skimmed mid watered 
or adulterated in one way only. The formula for added water is new; 
at all events the author has not seen it given previously. 

The formula for fat removed is not new; it was given by Bohmlander 
(Chemiker-Zeitung, vol. xvii) in 1893. Exception may be taken to it 
on the ground that it is based on the alternation of the ratio F/N, which 
of course is not affected by addition of water, and that the legislatioii 
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under which action is taken in such cases does not mention and therefore 
does not sanction the use of this or any other “ratio.” 

It is evident, however, from the manner in which the formula is 
derived that it is a legitimate mathematical inference from the given 
premises. It is therefore, in that respect, just as valid as the formula 
for fat removed which is applicable only when it is known or assumed 
that no water has been added. In fact, under these circumstances, it 
gives the same result . 

J. Alan Murray, 

U nitereity College, Reading, England. 




THE RELATION OF SUNLIGHT TO THE GROWTH 
AND DEVELOPMENT OF CALVES* 

T. W. GULLICKSON and C. H. ECKLES 
Division of Dairy Husbandry, University of Minnesota, St. Paul, Minnesota 

In recent years the importance of sunlight to the health and 
well-being of the human infant has been fully established. Evi¬ 
dence has also accumulated which indicates that it bears a 
similar relation to at least some of the domestic animals. Thus 
it has been shown that poultry, especially baby chicks, are very 
susceptible to the absence of sunlight which apparently acts as 
a supplement to, or the equivalent of, the antirachitic factor of 
foodstuffs (1) (2). Swine also exhibit a need for it, (3) in fact 
gross symptoms as well as chemical analysis of blood and bone, 
together with histological examinations have indicated that sun¬ 
light is a factor of economic importance in the production of pork 
under confined conditions (4). In the case of the bovine, Hart 
and Steenbock (5) with mature milking cows obtained an increase 
in the amount of calcium retained by animals exposed to sunlight 
as compared with those kept in the dark, but this difference was 
less than had been expected. The greater susceptibility of the 
young growing animals of other species to a lack of sunlight, how¬ 
ever, suggests the probability of a similar tendency in the young 
bovine. As yet no study has been reported of the relation of this 
factor to the development of calves. There is great need, how¬ 
ever, for such information in connection with the correct inter¬ 
pretation of results from experiments in which calves are used and 
kept under confined conditions. 

EXPERIMENTAL 

According to the original plan, the experiment was to have 
terminated when the calves were six months old, the object of 

* Published by permission of the Director ss Paper 637, Journal Series, Min¬ 
nesota Agricultural Experiment Station. Received for publication September 
30,1926. 
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the experiment being to observe the effect of a lack of sunlight 
upon the growth and well-being of young calves, but when at that 
age the results were all negative, it was decided to extend the 
period to include the time of first freshening or until the animals 
were about two years old. This made it possible to observe the 
effect of the absence of sunlight on the growth and well-being of 
the calves over a longer period and in addition also indicated, to 
a limited extent, its influence on reproduction. 

Animals used and treatment 

Four grade Holstein heifer calves designated by the numbers 
E-48, E-50, E-51 and E-52 respectively were used in the exper¬ 
iment. These animals were purchased in June, 1924, when from 
three to seven days old, and were from dams that had been kept 
under average farm conditions. Two of the calves, E-48 and 
E-50, known as the “no sunlight” group, were placed immedi¬ 
ately on their arrival, in completely dark box stalls and there¬ 
after during the period of the experiment were never exposed to 
direct sunlight. The stalls were of ample size to allow consid¬ 
erable exercising, and excellent ventilation was provided by means 
of a large electric fan. Occasionally, they were allowed to run 
free in the experimental yard out of doors during the dark part 
of the night. The other two calves, E-51 and E-52, known as 
the “sunlight group” were also kept in box stalls of the same size 
and shape as those provided for the others, but with no restric¬ 
tions on the amount of light. During the first six months the 
practice was followed of placing them in pens of the same size 
out of doors in direct sunlight. After that, they were allowed 
to run freely with other experimental calves during the day time, 
being confined in their stalls in the barn at night. This did not 
decrease their exposure to sunlight, but no doubt increased the 
amount of exercise taken. 


Ration fed 

The ration, which was uniform for the four animals, was not 
selected as ideal for dairy calves, but because it is typical of that 
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fed on many dairy farms, and is also rather low in calcium which 
should make conditions favorable for positive results if sunlight 
is a factor in the utilization of this mineral by cattle. Whole 
milk was fed during the first three or four weeks, then replaced 
with skimmilk which was fed until the calves were about six 
months old. Timothy hay of fair to poor quality, fed ad libitum, 
constituted the only form of roughage. The grain fed consisted 
of a mixture of three parts by weight of commeal and one part 
each of corn gluten feed, wheat bran, and linseed oilmeal. Dur¬ 
ing the first few months grain was fed ad libitum, but after that 
the amount provided was regulated so as to furnish the nutrients 
required according to the Morrison standard for growing dairy 
cattle. Shavings were used for bedding, so no nutrients were 
obtained from that source. 

Weights of the animals were taken every ten days and measure¬ 
ments of height at withers were made every thirty days. Daily 
observations were made of the condition and behavior of all 
animals and any abnormality noted. 

RESULTS 

Throughout the entire period of approximately two years, all 
four animals continued normal in all outward respects. As is 
shown in figure 1, with few exceptions, all made gains equal to 
or better than normal during the entire period. It is worthy of 
note, however, that from the beginning almost invariably the two 
calves raised in the dark made better gains than did the check 
animals. This was, perhaps, to be expected if the lack of sun¬ 
light did not act as too great a disturbing factor, because these 
animals were more comfortable and received less exercise than the 
others that were turned out of doors. Table 1 shows that the 
ration was ample both as to protein and total digestible nutrients, 
usually supplying a slight excess of both over the amounts pre¬ 
scribed by the Morrison standard. 

All the heifers came in heat the first time when less than a year 
old and the two check animals, E-51 and E-52 were bred and be¬ 
came pregnant at their first heat period due to the presence of 
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TABI.K 1 

Showing daily rations fed arid nutrients and minerals provided each calf at inter rah 
of 120 days beginning at 20 days of age, also nutrients required by the animals 
at the different ages according to Morrison standard 
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a young bull in the experimental lot. E-50, on the other hand, 
was not bred until she was about sixteen months old when one 
mating was sufficient for conception. E-48, the other no-sunlight 
heifer, was found after being on the experiment for about a year, 
t» have malformed reproductive organs which made it impossible 
for her to reproduce, although oestrum was possible. This de¬ 
formity, however, was declared as not being due to the treatment 



Fig. 2. Heifer E-50 with Her Calf 


The calf was dropped after the mother had been kept in the dark from the time 
she was one week old, a period of over two years. Both animals appear normal in 
all respects. 

she had received. From table 2 it can be seen that the other three 
heifers carried their calf the full normal period. All the calves 
except that of E-52 were normal at birth and all the heifers passed 
the afterbirth within twenty-four hours after freshening. As 
indicated in table 2, E-52 of the sunlight group, dropped a rather 
small and slightly deformed calf, and although both its eyes were 
present it was entirely blind. It is possible that the ration fed 
was lacking in the fat soluble vitamin and thus contributed toward 
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this condition. This, however, does not seem probable as both 
of the other heifers dropped normal calves. It is also well-known 
that cows kept under normal conditions will sometimes drop de¬ 
formed as well as blind calves. 

The ration, as has already been mentioned, provided an ade¬ 
quate supply of protein and total digestible nutrients as based 
on the Morrison standard, but was, as is shown in table 1 ex¬ 
ceedingly low in its calcium content; in fact, when considered on 
the dry matter basis it contained only about 0.2 per cent of 
calcium. The significance of this fact is apparent when, accord¬ 
ing to Meigs and his coworkers, it is considered that perhaps only 
about half of the total amount of calcium present in the ration 


TABLE 2 


NUMBER 

or 

ANIMAL 

GROUP 

GESTATION 

PERIOD 

BEX OF CALF 

WEIGHT 
OF CALF 

CONDITION OF CALF 
AT BIRTH 

E-4S 

No sunlight 

Deformed 

Reproductive 

organs 

jxmndtt 


E-50 

No sunlight 

Normal 

Male 

89 

Normal 

E-51 

Sunlight 

Normal 

Female 

79 

Normal 

E-52 

Sunlight 

Normal 

Female 

60 

Blind and 
slightly de¬ 
formed 


is assimilated. The supply of available calcium was sufficient, 
however, to enable all four heifers to make better than normal 
gains in both weight and height and to continue in all outward 
respects in normal well-being during the entire period of the 
experiment. The fact that no significant differences were noted 
between the two groups at any time appears to indicate that the 
lack of sunlight did not exert any considerable effect on calcium 
assimilation, otherwise it seems it would have become apparent 
during the two year period when the calcium supply was at such 
a low level. 

Another matter worthy of notice in connection with the mineral 
content of the ration is the relative amounts of calcium and phos¬ 
phorus present. As is shown in table 1, the total amount of 
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phosphorus almost invariably exceeded that of the calcium, and 
most of the time by nearly two to one. This represents a con¬ 
dition almost the opposite of the optimum as recommended by 
McCollum (6,7) and according to his views (8) “the ratio between 
the concentration of calcium and of phosphorus in the diet may, 
within certain limits, be of greater significance to the welfare of 
an animal than the absolute amounts of these substances which 
the diet contains.” The fact, however, that no ill effects were 
noted in any of the animals would indicate the condition was not 
a serious disturbing factor in either of the groups. 

CONCLUSION 

So far as could be measured by general observations, weights, 
and rate of skeletal growth, the absence of sunlight was without 
effect upon calves kept in darkness from the age of one week to 
two years. Normal reproduction also occurred. 
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PERSISTENCY OF FAT SECRETION DURING THE 
LACTATION PERIOD AS AFFECTED BY AGE* 

C. W. TURNER 

Department of Dairy Husbandry, University of Missouri, Columbia, Missouri 

In a previous paper (1) quantitative forms of expressing the 
persistency of milk and fat secretion during the lactation period 
were described. It was shown that when all conditions are held 
as uniform as is possible, the monthly milk or fat production 
during the lactation period after the maximum is passed, is a 
constant percentage of the preceding month’s production. Preg¬ 
nancy, seasonal changes (especially environmental temperature), 
the state of nutrition, and management of dairy cows, may, how¬ 
ever, cause slight changes in the rate of decline of milk and fat 
secretion. 

In a study of the inheritance of the “persistency character” 
in the Guernsey breed, it was suggested that age might be an 
important factor influencing the persistency of milk and fat se¬ 
cretion. The only information found on the subject was the data 
presented by Sanders (2) of Cambridge, in a study of the lactation 
curve of English milk records. He determined the ratio of the 
total lactation yield to the maximum daily yield, which he called 
the shape figure (S.F.) of the cows’ lactation. It was shown that 
the two-year-old animals had a higher S.F. than did the older 
animals. Since compiling and studying the data later to be 
presented, a paper by Gaines and Davidson (3) of Illinois, has 
appeared in which the statement is made that “the value of k 
tends to increase with age and yield; that is, the younger cows 
are more “persistent” than the older cows. ” 

It appears evident that the age of the cow does influence her 
persistency of secretion. However, no theory is advanced in 
either paper to attempt to explain the results obtained. The 
object of this paper in addition to presenting data showing the 

* Received for publication November 11, 1926. 
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relation between the persistency of fat secretion during the lactar 
tion period and age is to offer a possible explanation for the 
results. 

In the study of persistency of secretion, it is necessary to have 
the itemized monthly records of production. The Advanced 
Register of Guernsey cattle is especially valuable as it contains 
a large number of such records and is the source of the data here 
presented. Only non-pregnant cows were included in this study 
as it has been shown that pregnancy affects the lactation curve 
when it extends more than four months during the lactation 
period. In order to make the results in each age group more 
nearly comparable, 100 records in each age group which were sat¬ 
isfactory in every respect were used. This was considered prefer¬ 
able to including a large number of records in the immature 
classes and only a limited number in the classes at advanced 

The influence of all other factors which might affect persistency 
have been neglected. It was hoped that the number of records 
would be sufficient to provide a random sample which would min¬ 
imize the influence of these factors. The average monthly fat 
production from the second to twelfth months inclusive were 
determined by yearly age groups beginning at two years. 

The results are presented in table 1. The average fat produc¬ 
tion from the second month to the twelfth month is given. The 
per cent of the previous month’s fat production is calculated in 
order to determine the rate of decline or persistency of secretion 
during the laction period. The average per cent decline of the 
previous month’s production is considered the best indication of 
persistency. It will be noted that the average persistency of fat 
secretion declines rapidly between two and three, years and then 
less rapidly as maturity is reached. It will be seen that above 
six years, the number of records available decreases very rapidly, 
so that the data is unreliable in giving an indication of the effect 
of age on persistency during the declining segment of the curves 
of milk secretion, i.e., after eight years. The data by age groups 
is plotted in figure 1, and a curve drawn throu gh the points. 
There is some irregularity between the observed values and the 
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The effect of age on the persistency of fat secretion 
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smoothed curve. This may be due to the lack of control over 
many of the factors involved. It appears, however, to be an 
exponential curve, a mirror image of the curves relating age to 
weight and yearly milk production. 

It may be concluded from the above data, as well as that 
presented by Sanders, Gaines and Davidson, that there is a 
distinct decline in the persistency of secretion during the second 



Fig. 1. The change in average persistency with age is indicated. There is 
a rapid decline which gradually slows up as maturity is reached. The points 
are the observed values with a smoothed curve of exponential form drawn through 
them. It will be noted that the curve is a mirror image of the curves relating 
age to weight and yearly milk production. 


and third lactation periods, as compared with the first. As the 
two most important factors concerned in total yearly production 
are milk yield during the maximum month and persistency of 
secretion, and further, that yearly milk secretion increases with 
age, it is evident that the maximum month’s secretion increases 
rapidly with age. In other words, while the so-called ‘‘persist¬ 
ency” character is declining with age up to maturity, the “max¬ 
imum production” character is not only increasing with age, but 
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at a rate sufficient to overcome the influence of the former on 
total lactation yield. In advancing a theory to explain these 
results, it may be desirable to first indicate the source of the 
stimulation of milk secretion and its relation to the persistency or 
rate of decline. 

THE STIMULATION OF MILK SECRETION 

The similarity of the declining curve of milk secretion to the 
curve of decline of chemical reaction (of the first order type) has 
been pointed out (5). Milk secretion, even though a very com¬ 
plicated physio-chemical process, might follow a simple chemical 
law if governed by the slowest process involved. This limiting 
substance may be of the nature of a chemical catalyst or hormone, 
which is essential to the chemical transformations taking place 
in the active secretory tissue of the mammary gland. The con¬ 
sumption of this hormone at a rate in accordance with the ex¬ 
ponential decline would furnish the regulating mechanism of milk 
secretion. 

Evidence is gradually being accumulated which indicates the 
the source of this hormone or at least a hormone which causes 
active growth and proliferation of secretory cells of the mammary 
gland, and which eventually initiates a limited amount of secre¬ 
tion. Meyer (6) in a study of albino rats, found that as the time 
of puberty approaches, the milk ducts begin to proliferate and 
grow very rapidly, resulting in a dense arborization of ducts. It 
was observed that these changes in the milk ducts correspond 
with marked changes in the ovaries and showed large Graafian 
follicles in the process of development. 

Changes in the non-pregnant guinea pig, studied by Loeb and 
Hesselberg (7), indicate that there is a cyclic change in the mam¬ 
mary gland which corresponds to the cycle in the ovary and 
uterus. Activity of the gland is at a maximum at the time of 
heat and ovulation, and gradually falls. At this time, cells in 
mitotic division are present. 

In cattle, Hammond (8) states that after the first heat period 
the udder enlarges and the ducts grow in length, but it still con- 
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tains a large proportion of fat. He found that the growth of the 
milk ducts was due to the functioning of the ovaries and to the 
formation of corpora lutea. 

It appears from the foregoing discussion that puberty and the 
accompanying changes in the ovaries at that time are responsible 
for the stimulation of the growth and proliferation of the mam¬ 
mary gland and the stimulation of a very limited secretion. 

If pregnancy does not occur with the first ovulation the mam¬ 
mary glands undergo slight retrogressive changes; however, as the 
next ovulation approaches the mammary gland takes on a new 
development. Similar changes can be observed in some animals 
with each succeeding ovulation until pregnancy occurs. 

The changes in the mammary gland during pregnancy have 
been studied in the rabbit by Lane-Claypon and Starling (9) and 
in the guinea pig, by Loeb and Hesselberg (10). Rapid prolif¬ 
eration of secretory tissue took place during pregnancy after nine 
days in the rabbit and twenty-four days in the guinea pig. A 
secretion could be pressed out of the gland during the latter part 
of the period of gestation. 

In cattle, Asdell (11) reports that the amount of liquid that 
may be milked from the pregnant heifer increases very rapidly 
and abruptly when the animal is about half way through preg¬ 
nancy. When a pregnant heifer was milked regularly during her 
first pregnancy, the yield of milk increased rapidly from the mid 
period until at calving time as much as 5000 cc. were being pro¬ 
duced. 

Thus it may be concluded that growth and proliferation of the 
secretory cells of the mammary gland takes place soon after preg¬ 
nancy occurs. Coincident with it, or following the growth phase, 
the secretory phase of activity of the gland is begun. Consid¬ 
erable secretion occurs long before the end of pregnancy. 

Asdell concludes that “there seems to be no necessity to pos¬ 
tulate the production of an inhibitory hormone from the fetus 
which defers lactation until the fetus, and consequently the 
inhibition, is withdrawn by parturition. Such is not in accord¬ 
ance with the facts given in this paper, and indeed appears 
unnecessary, for while a cell is growing and dividing, surely it 
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cannot secrete. The only inhibition is that produced by the ex¬ 
citement of the cell to grow. ” 

The source of the hormone causing the secretion of milk is much 
debated. The fetal hormone theory was one of the first pro¬ 
posed. Later the placenta and corpus luteum was suggested as 
the internal gland of secretion of this hormone. As all of these 
structures are associated with pregnancy, it is difficult to deter¬ 
mine which is responsible. 

While experimental data are not available, it is quite possible 
that the follicular hormone from the ovary isolated by Allen (12) 
may be responsible not only for the stimulation of the mammary 
gland to proliferation and secretion from puberty to the first preg¬ 
nancy, but also during pregnancy. A relatively large amount of 
active material has been recovered from the placenta which by 
all tests is similar to the follicular hormone. Allen, Pratt, and 
Doisy (13) make the following comment on the endocrine func¬ 
tion of the placenta: 

It is probably too early to draw general conclusions concerning the 
endocrine function of the placenta. It is rather difficult, however, to see 
how such large quantities of active substance could be retained in such a 
vascular organ as the placenta without passing freely into the maternal 
circulation. Since it is so well established that the development of the 
follicles is seriously inhibited during pregnancy, it would seem to us 
more probable that the human placenta takes over from the ovaries the 
major part of the function of the secretion of this hormone, thus main¬ 
taining the maximum function of the genital tract and initiating growth 
in the mammary glands during gestation. 

If the placenta is the source of the hormone stimulating milk 
secretion during the gestation period, the source of supply would 
be cut off at parturition. This being the case, the rate of decline 
of milk secretion would necessarily be confined to the activity of 
the secretory cells either individually or collectively, and not to 
a diminution of the hormone at its source. 

To account for the reduced rate of decline during the growth 
period, i.e., up to seven or eight years, it may be postulated that 
further development of the mammary gland up to its full mature 
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development may be brought about in any or all of the following 
ways: (a) The reoccurrence of the oestrus cycle, (6) another preg¬ 
nancy, (c) a larger blood supply to the mammary gland accom¬ 
panying growth in weight, ( d) the increasing activation and per¬ 
fection of functioning of the secretory cells with use. 

GROWTH OF THE MAMMARY GLAND 

The first two factors which may cause the rate of decline of 
milk secretion to be retarded would result from the growth of 
secretory tissue during the lactation period. With more cells 
beginning to secrete milk, the yield would be augmented to sup¬ 
plement the natural decline. As the data under consideration 
consisted of lactations of non-pregnant cows, only the first of 
these two factors could influence the rate of decline of secretion 
during the growing period of the cows under consideration. It 
is not unreasonable to assume that the oestrus cycles which re¬ 
occur soon after parturition cause further growth of secretory tis¬ 
sue during the lactation period. It is quite evident that the udder 
increases in size up to maturity and most rapidly during the 
second and third year. This growth is due to a stimulus other 
than that associated with body growth as it takes place only 
when the ovaries function. Little or no mammary development 
takes place in spayed heifers. 

During the first pregnancy, growth of the mammary gland is 
very rapid. It is undoubtedly stimulated to further growth dur¬ 
ing the second pregnancy, but due to other factors accompanying 
pregnancy any stimulating effect would be masked. There is a 
difference of opinion as to the cause of the diminution of milk 
secretion during the latter part of pregnancy. Gaines and David¬ 
son (3) have recently presented the side of those who believe that 
a hormone of pregnancy inhibits milk secretion and causes the 
decline observed in the data compiled at this Station (14), and 
by Eckles (15). Ragsdale, Turner and Brody (l4) ture of the 
opinion that the decline in milk flow during gestation is in part 
at least due to the demands of the growing fetus. The recent 
data by Asdell (11) strongly supports the conclusion that no 
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inhibitory hormone need be postulated to account for the decline 
of milk secretion. 

Using questionable methods of calculating data on the weight 
of the fetus, Gaines and Davidson (3) compare the weight of the 
fetus and the rate of decline of milk yield due to pregnancy. The 
two curves were not found parallel, and therefore they conclude 
that “it seems unlikely that the rate of milk secretion is affected 
at all proportionately to the nutrients required by the fetus.” 
Their assumption that the requirements of the fetus at any 
moment are proportional to its weight would not necessarily be 
true as it is well known that growth or milk secretion may be 
limited by a single deficiency. It might well be that milk secre¬ 
tion would be limited by the needs of the fetus for calcium and 
phosphorus for the development of the skeleton during the lat¬ 
ter part of intra-uterine growth which may bear little relation to 
its change in weight. 

The point which it is our desire to emphasize is that pregnancy 
unquestionably furnishes the “follicular” hormone that causes 
further growth and development of the mammary gland during 
the second and succeeding pregnancies up to the time of matu¬ 
rity. This development, however, is masked by the needs of the 
fetus which over-balance the increased secretion produced, due 
to the functioning of the new cells present. 

ACTIVITY OF THE MAMMARY GLAND 

The other factors which may influence the rate of decline or 
the “persistency” of milk secretion as the animal reaches matu¬ 
rity, would rest with the activity of the secretory cells present. 
If this would change for any reason, the persistency would follow 
a similar but inverse course. A close relation has been found 
between weight and yearly fat production as the dairy cow 
reaches maturity (4). There is a quite similar increase in weight 
and fat production up to seven or eight years in the Jersey cow. 
For each 100 pounds increase in live weight above 472 pounds, 
there is a corresponding 100-pound increase in yearly fat produc¬ 
tion. Within a single age class, however, there appeared to be 
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an increase of approximately 20 pounds of fat for each 100-pound 
increase in live weight. This was taken to indicate that the 
change in fat production with age is probably due to two sepa¬ 
rate factors; an increase in body weight contributing about 20 
per cent to the total increased fat yield, while 80 per cent of 
increased fat yield is due to other factors accompanying increased 
maturity. 

During the first lactation period of a heifer and to a lesser 
extent with older growing animals, the increase in weight and 
corresponding increase in the volume of blood will supply the 
mammary gland with a larger amount of blood. This increased 
blood supply is thought to be in part responsible for retarding 
or masking the natural (hereditary) rate of decline of secretion. 

With the removal of milk either before or after parturition, the 
cells must gradually become adjusted to the changed conditions. 
The increasing activation and perfection of the functioning of the 
secretory cells to secrete milk up to their full capacity may also 
change with maturity of the animal. This change would also re¬ 
tard the natural decline in the rate of secretion. 

SUMMARY 

1. Using a method previously described for the quantitative 
determination of persistency of milk and fat secretion, a study 
was made of the effect of age upon this character. 

2. Data were presented indicating that there is a decline in the 
persistency of secretion during the lactation period as the dairy 
cow reaches maturity. 

3. A summary is made of the literature indicating the nature 
of the stimulation of mammary growth and secretion and the 
relation to the problem of the influence of age was indicated. 

4. The theory is. advanced that the normal or hereditary rate 
of decline of milk secretion during the early lactation periods is 
retarded due to further division of cells which become functional 
through the stimulation of the “follicular” hormone, and to the 
increased activity of the cells due to an increased blood supply 
and the perfection of the functioning of the cells. 
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A NEW METHOD OF MANUFACTURING CREAM 
C HEE SE OF THE NEUFCHATEL TYPE* 

A. C. DAHLBERG 

New York Agricultural Experiment Station, Geneva, New York 

Cream cheese is a soft, fresh cheese with a rich, mild acid 
flavor; a smooth, buttery texture; and a high percentage of milk 
fat. Strictly speaking, Cheddar or American cheese, which is a 
hard-ripened cheese made from milk, should not be called cream 
cheese, even though it is often referred to as cream cheese and 
some state laws recognize it as full cream cheese when it is made 
from normal milk. Cream cheese is normally made by the 
neufchatel process from cream or from milk to which cream has 
been added. 

The extent of the manufacture of cream cheese has increased 
greatly in recent years. Cream and neufchatel cheese consti¬ 
tute one of the leading varieties of cheese manufactured in New 
York State. The last available statistics for New York State 1 
show that in 1924 there was sold to dairy plants for manufacture 
into cheese the following number of pounds of milk: 


KIND OF CHEESE 

FOUNDS OP MILK 

American or cheddar. 

43,500,000 

19,700,000 

9,900,000 

4,200,000 

7,900,000 

Cottage, pot and bakers... 

Cream and neufchatel.... 

Limburger. 

All other kinds. 



The percentage of fat in cream cheese varies from 38.6 to 48.0, 
according to Matheson, Thom, and Currie. 2 The same authors 
give the moisture content as varying from 30 to 48 per cent. 

* Received for publication December 3, 1926. 

1 Statistics relative to the dairy industry in New York State, 1924, Bui. 180, 
Department of Farms and Markets, 1925. 

* Matheson, K. J., Thom, Charles, and Currie, J. N. Cheeses of the neufchatel 
group. Conn. Agr. Exp. Sta. (Storrs), Bui. 78,1914. 
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The richness of cream cheese should be evident in the char¬ 
acteristics of the cheese when compared with neufchatel or cot¬ 
tage cheese. Cream cheese should have a mild acid, distinctly 
creamy flavor. The acid and salt content should be lower than 
in cottage cheese. The texture is usually described as very 
smooth and buttery. It should spread almost as freely as butter. 
The body should be more rigid than cottage cheese so that cream 
cheese can be sold in boxes and packages. It should not be 
crumbly or too sticky and should pack very solidly. These 
properties make it possible to cut cream cheese loaves into slices 
which do not break and which have a solid surface. 

The retail price of cream cheese is usually higher than the 
price of butter and several times greater than the price of cottage 
cheese. The consumer buys it in small quantities, one-half 
pound or less and appears to consider it a delicacy. While much 
of this cheese is consumed as any ordinary cheese would be, it 
is especially well considered as a spread for crackers in place of 
butter, as a filling for sandwiches, and in salads. This cheese is 
often mixed with ground pimento, nuts, olives, mixed sweet pick¬ 
les, and salad dressings to give variety, especially when used in 
sandwiches. 


THE NEUFCHATEL PROCESS 

Investigations upon the manufacture of cream cheese are some¬ 
what limited in number, although the methods of manufacture 
often appear ih the literature. Matheson, Thom, and Currie 
give the details of the process and stress certain points of special 
importance. The milk must be low in acid and of excellent 
quality. A low quantity of good starter and rennet should set 
the milk at 70° to 75°F. in twelve to eighteen hours. The curd 
should be drained in sacks at a temperature of 50°F. and in a hu¬ 
mid atmosphere. Pressure is essential to expel the last traces of 
free whey. The finished cream cheese should contain 38 to 43 per 
cent water, 43 to 48 per cent fat, and 0.5 to 1.25 per cent of salt. 

Marquardt* improved the process in several respects. Pas- 

* The investigations by J. C. Marquardt, New York Agricultural Experiment 
Station, have not yet been published. 
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teurization and commercial starters improved the flavor and 
keeping qualities of the cheese. Homogenization of the milk to 
which cream had been added reduced the fat lost in the whey and 
permitted the use of richer cream without excessive fat losses. 

Certain difficulties in the present manufacturing process are 
occasionally encountered in commercial practice. Lack of a 
proper control of temperature conditions during setting and drain¬ 
ing, combined with variations in rennet action and acid develop¬ 
ment, may result in a somewhat granular, crumbly cream cheese. 
Draining of the whey from the curd in the bags is usually slow 
and the acid development may result in a sour or yeasty cheese. 
Proper drainage of sufficient amounts of whey may take too long 
a time so that the manufacturer may pack the cheese too wet. 
A cheese with a high moisture content keeps poorly. 

PLANS OF THIS INVESTIGATION 

The results of studies of homogenization and the fat clumping 
in milk and cream at this station made it reasonable to suppose 
that through homogenization of cream its viscosity or plasticity 
might be increased to such an extent that a body and texture 
suitable for cream cheese would be produced. Consequently, 
cream was standardized to compare in composition with cream 
cheese. The cream was-pasteurized and homogenized. The re¬ 
sult of the first trial was encouraging enough to warrant a rather 
detailed study of the method, especially considering the evident 
advantages of the method if it proved successful. The method 
is also of scientific interest and might serve as a basis for other 
investigations of similar character. Consideration was given to 
the effect of varying percentages of fat and total solids, of varying 
temperatures and pleasures of homogenization, etc. 

Unless otherwise stated in the manuscript the Manton-Gaulin 
homogenizer, Type 60, with the single stage valve, was used in 
the manufacture of the cream cheese. 

THE METHOD 

The new method can be presented to best advantage by giving, 
first, the final method in detail as adopted, and later, by giving 
the effect of variations from the standard method. 
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Sweet cream of good flavor containing 40 to 45 per cent of fat 
was the basis for the cheese. To this cream 5 per cent of soluble 
dry skimmilk of good flavor was added. Either 1 per cent of 
high grade powdered pure food gelatin or 0.5 per cent of powdered 
agar free from objectionable flavor and odor was stirred into the 
cold cream. 

This mixture was then pasteurized at 145°F. for thirty minutes 
if gelatin was used, and at 180° to 185°F. for ten minutes if agar 
was used. After pasteurization the mixture was cooled to 110°F. 
Common salt to the extent of 0.75 per cent, and 0.5 to 1.0 per 
cent of good commercial starter were then added. The mixture 
was passed through a coarse strainer into the homogenizer. The 
homogenization pressure of 3500 to 4000 pounds per square inch 
gave best results. The cream as it left the homogenizer had the 
consistency of soft butter or was slight^ stiffer than ice cream as 
it comes from the freezer. The warm cream mixture was usually 
raised 5 to 10 degrees in temperature during the homogenization 
process. 

The cream mixture was immediately placed in the final con¬ 
tainer and allowed to stand in a refrigerator at 32° to 40°F. for 
one or two hours until the temperature of the cheese was reduced 
to 70°F. The cheese was held at 70°F. for ten to fifteen hours 
or until it had developed sufficient acid to have a mild acid flavor. 
The product was then considered to be cream cheese. It was 
stored at 32° to 40°F. and was ready for immediate consumption. 
At this temperature cheese was held for two to five weeks without 
undergoing any serious deterioration in flavor. 

Cream cheese made by this process was always smooth and 
buttery in texture without any traces of crumbliness. Its body 
was firm. The cheese possessed excellent spreading qualities and 
could be sliced as well or better than cream cheese made by the 
old process. It looked and tasted richer then the ordinary cream 
cheese, even though it did not contain a higher percentage of fat. 

INFLUENCE OF VARYING PERCENTAGES OF FAT 

Experimental cream cheese were prepared containing 30, 35, 
40, 45, and 50 per cent of milk fat. Increased percentages of fat 
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caused increased firmness of body and decreased the quantity of 
whey that would drain from the cheese under adverse conditions. 

Cheese containing 30 per cent fat was quite unsatisfactory, due 
to its soft sticky condition and leakage of whey when wanned 
to 70°F. or above. Under ideal conditions 35 per cent of fat was 
satisfactory, but this quantity of fat would not be sufficient for 
commercial conditions. The most satisfactory cheese was made 
with 40 to 42 per cent of fat and unquestionably the flavor was 
finest with this richness. When this cheese was stored above 
70°F. some whey drained from it. Although this small amount 
of whey drainage is objectionable, it must not be forgotten that 
cream cheese is perishable and should always be kept in a cold 
place. If the cheese is stored above 70°F., it will spoil quickly 
irrespective of whey drainage. The body of the cheese with 40 
per cent of fat was sufficiently firm and free from stickiness to 
permit the proper slicing of cheese loaves. The flavor was rich, 
creamy, and mildly acid. The texture was very smooth, buttery, 
free from crumbliness, and the cheese spread easily. 

When the percentage of fat was increased to 45 per cent two 
slight alterations in the cheese were made. The flavor was some¬ 
what richer and a few people who ate the cheese plain without 
other foods said that it was a little too rich. Cheese with this 
percentage of fat did not' leak whey at any temperature up to 
85°F. When 50 per cent of fat was used the cheese was notice¬ 
ably too rich in flavor for many people who ate it. 

A limited number of fat globule measurements were made to 
show the effect of homogenizing the cream mixture upon the size 
and distribution of the fat globules. One cubic centimeter of 
cream was diluted with 99 cc. of distilled water and exam¬ 
ined in hanging drop preparations. The fat globules in the 
cream after pasteurization and prior to homogenization were 
4.2 microns in diameter, and in 100 fields examined all existed 
as individuals. After homogenization the size of individual fat 
gobules was determined from those existing singly because of the 
difficulty of measuring globules present in clusters. The size of 
the clusters or aggregates of fat globules and the ratio of individ¬ 
uals to cluster were determined. A total of 128 fat globules had 
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an average diameter of 2.04 microns. In the same microscopic 
fields there existed 219 clusters with an average size of 11.9 by 
8.2 microns. It was evident that most of the fat globules in the 
homogenized cream existed in large clusters of globules about one- 
half their original size. 

The aggregation of the fat globules formed a network in which 
the milk serum was held. The body and texture of the cheese 
was probably due to this changed condition of the fat, a change 
which might be considered in colloidal chemistry as a change of 
the fat from the dispersed to the continuous phase. 

INFLUENCE OF VARYING PERCENTAGES OF MILK SOLIDS NOT FAT 

An attempt was made early in this work to make a firmer cheese 
which would not leak whey by increasing the percentage of milk 
solids not fat through the use of dry skimmilk. Increased per¬ 
centages of milk solids not fat reduced the rich fat flavor to a 
considerable degree and improved the body by making it slightly 
firmer and less sticky. It did not have any marked effect upon 
whey drainage which was so greatly altered by the percentage 
of fat. 

The percentage of milk solids not fat was held low for two 
reasons. If 10 per cent or more of dry skimmilk was used, the 
finished cheese could develop too high a percentage of acid at too 
warm storage temperatures. Furthermore, when exposed to dry¬ 
ing conditions the milk sugar crystallized out and formed a grainy 
coating on the cheese. The addition of 5 per cent of skimmilk 
solids is desirable to decrease the buttery taste of the cheese, to 
increase slightly the firmness of the cheese, and to give the cheese 
better slicing properties. It probably would have been desirable 
to have omitted the additional milk sugar, but no feasible method 
was apparent by which the skimmilk solids could be obtained 
without the sugar. 

INFLUENCE OF VARYING CONDITIONS OF HOMOGENIZATION 

Greater homogenization pressures were essential in the produc¬ 
tion of cream cheese by the new method than are commonly 
employed in the manufacture of other dairy products. As a 
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general proposition it was found that pressures varying from 
3500 to 4000 pounds per square inch produced a firmer bodied 
cheese with less stickiness and less drainage of whey than did 
lower pressures. When the fat content was high, 45 to 50 per 
cent, 500 pounds less pressure was sufficient and 4000 pounds 
pressure produced a cheese which was somewhat too rich in taste 
and resembled, to some extent, cream almost ready to form but¬ 
ter in the churn. 

Any temperature of the cream above 105°F. was suitable for 
homogenization so far as the body and texture of the resulting 
cheese were concerned, but it is obvious that starter could not be 
safely added to cream homogenized at a temperature much in excess 
of 110°F. because the temperature was increased 5° to 10°F. by 
homogenization. In several tests the cream was homogenized at 
145°F., cooled to 70°F., and starter added. The salt was some¬ 
times added with the starter and also after the cheese had ripened 
to the proper degree. No special advantage could be determined 
in this method of adding salt and starter after homogenization, 
and it had the disadvantages of making extra work and the ex¬ 
cessive mixing of the cheese tended to make it sticky. 

Cream cheese was also prepared from cream which had been 
pasteurized, cooled, and ripened with commercial starter at 70°F. 
The cream was then pasteurized again, salt was added, and the 
whole mixture with the proper percentage of acid was homoge¬ 
nized. By this method it was hoped that the acid development 
would be checked even when the finished cheese was stored at 
too warm a temperature. The method proved unsatisfactory be¬ 
cause the homogenization of sour cream produced a cheese with 
a soft sticky body from which whey drained freely. 

Commercial rennet was tried by adding it when the starter was 
added in the recommended process. The rennet gave the homog¬ 
enized product a more buttery appearance and taste, and whey 
drained much more freely from the cheese. When added after 
homogenization the rennet caused increased drainage of whey. 
For these reasons the use of rennet in the manufacture of this 
cheese was not desirable. 

The cream was homogenized at colder temperatures with poor 
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results. The fat was not properly homogenized, the cream ap¬ 
peared to be partially churned, and the body of the cheese was 
softer than usual. Whey drained from the cheese quite freely. 
Measurements of 100 fat globules in cream homogenized at 90°F. 
showed them to be 3.5 microns in diameter or only slightly 
smaller than those in normal cream. Only 46 clumps measuring 
11.6 by 9.7 microns were found per 100 individual fat globules, 
showing a great reduction in the aggregation of the fat globules. 

RIPENING THE CHEESE 

The quantity of starter required to develop the proper acidity 
was dependent upon many conditions, but 0.5 to 1.0 per cent 
usually proved successful. 

The percentage of salt added to the cheese had an effect not 
only upon the rate of acid development, but also upon the kind 
of flavor produced. When the percentage of salt was held be¬ 
low 1.0, the salt did not seriously interfere with the growth of 
the starter organisms. 

Most starters are past the period of maximum activity when 
added to dairy products for ripening purposes, so that a period 
of lag was always encountered. In cream cheese, due to the 
added effect of heating the starter from 110° to 120°F., consider¬ 
able time elapsed before acid development commenced. For 
these reasons speed in cooling the homogenized cream was not 
very essential. In cold weather good results were secured by 
placing the warm cheese as it came from the homogenizer in the 
room for ripening at 70°F. without previous cooling. In the sum¬ 
mer this procedure could not be followed because the cheese 
became sour without developing desirable flavors. For this 
reason it was deemed advisable always to cool the cheese to 70°F. 
by placing it in a refrigerator previous to ripening. 

THE USE OF AGAR AND GELATIN IN CREAM CHEESE 

Agar and gelatin were tried in the cream cheese for the purpose 
of holding the whey so that none would drain out even though 
the cheese were stored too warm. The quantity of agar was 
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varied from 0.2 to 1.0 per cent and the quantity of gelatin from 
0.5 to 2.0 per cent. Both the agar and gelatin were dissolved 
in hot water and stirred into the cream, and they were dissolved 
by mixing the dry powders directly into the cream. 

The water required to dissolve the agar or gelatin was a distinct 
disadvantage because it increased the percentage of water in the 
cheese. Hence, after several trials, this method was discontinued 
and the dry gelatin or agar was added directly to the cream and 
dissolved by pasteurization. The gelatin presented no problem 
in this respect because it dissolved readily at the ordinary pas¬ 
teurization temperature of 145°F. Tests 4 were made to deter¬ 
mine the temperature and time required to dissolve powdered 
agar in water. It was learned that powdered agar began to dis¬ 
solve at approximately 170°F. and a temperature of 180°F. for 
ten minutes seemed to dissolve the agar as well as did the boiling 
temperature. For this reason the powdered agar was dissolved 
in the cream by pasteurization at 180° to 185°F. for ten minutes. 

Several tests with varying percentages of gelatin and agar 
showed that 1.0 per cent of gelatin or 0.5 per cent of agar gave 
best results. Since the cream cheese contained 50 per cent or 
less of water, the actual concentration of gelatin in water was 
2.0 per cent and of agar 1.0 per cent. Both of these percentages 
were sufficient to form a jelly at room temperature. The pres¬ 
ence of these gelatinizing substances produced a cheese with im¬ 
proved slicing qualities and a slightly firmer body. They also 
reduced the tendency of cream cheese to exude whey at warm 
temperatures, but neither weak agar nor gelatin jellies in the 
cream cheese could hold the whey so that some of it would not 
drain out of the cheese if the cheese were improperly made in 
other respects. The presence of agar or gelatin in the cheese was 
distinctly advantageous. 

The powdered agar used for cream cheese making was of excel¬ 
lent quality and practically free from flavor and odor. Powdered 
pure food gelatin of high quality, such as that used in ice cream, 
proved to be an excellent grade for this purpose. The use of 

4 These teats were made by J. C. Marquardt of this Station. 
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agar had the disadvantage of requiring a high temperature to 
dissolve it, and its use had the advantage of making a firmer 
bodied cheese of improved slicing qualities. The use of agar is 
especially recommended. 

ADVANTAGES AND DISADVANTAGES OF THE NEW METHOD 

The new method of manufacturing cream cheese had several 
distinct advantages over the old neufchatel process. 

When the milk for cheese making was received it was immedi¬ 
ately reduced to the same approximate bulk as the finished cheese 
by separating into rich cream. This reduced the volume of 
cream which needed to be handled. No bags for drainage were 
needed. The acid development could be checked at any time by 
cooling the cheese because the moisture content was standardized 
before the cheese was made. This permitted better control of the 
extent of acid development and prevented spoilage of cheese by 
too much acid in a slow draining curd. 

The cream cheese could be made more uniform in body and 
texture by the new process. The body and texture were deter¬ 
mined largely by the composition of the cheese, the sweetness of 
the cream, and homogenization temperatures and pressures. 
These factors were readily controlled and uniform cheese was 
made. The labor needed to make cream cheese by the new 
process was considerably reduced. 

Cream cheese of more desirable characteristics was made by 
the new process. It was smoother and more buttery, tasted 
richer, spread better, and sliced as well or better than cheese 
made by the neufchatel method. Its flavor from the standpoint 
of acid development and bacterial growth could be controlled to 
better advantage and the cheese was finished and in the refrig¬ 
erator twelve to twenty-four hours sooner when made by the new 
method. The cheese could be packed more solidly in loaves or 
packages, and probably because of the exclusion of air, it did not 
mold as readily under improper storage conditions. The cheese 
was never crumbly. 

It seldom occurs that a new method is proposed which in all 
respects is advantageous to use. Cheese made by the new method 
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had too high a milk sugar content which permitted the excessive 
development of acid under warm storage conditions. This disad¬ 
vantage was offset to some extent by a reduced mold growth. 
Cheese made by the new method was considered too rich and 
buttery tasting to suit a few people, but it should be stated that 
this cheese was consumed in rather large quantities before this 
characteristic was discovered. It was essential that rich tasting 
cheese be made by this process, because a low percentage of fat 
was inducive to leakage of whey. Cheese of a given percentage 
of fat tasted richer when made by the new process. 

The cheese made by the new process was more pasty than reg¬ 
ular cream cheese. However, it sliced just as well as any neufcha- 
tel cream cheese made experimentally or purchased in the local 
market. All cream cheese is too sticky to cut with a knife. It 
should be sliced with a wire or string after the tin foil surrounding 
the cheese has been cut with a knife. 



MILK YIELD IN RELATION TO RECURRENCE 
OF CONCEPTION* 

W. L. GAINES 

Department of Dairy Husbandry, University of Illinois, Urbana, Illinois 

INTRODUCTION 

Lactation is known to affect the reproductive cycle in man and 
some of the lower animals. Hammond (1) has shown experi¬ 
mentally in the rabbit that when lactation proceeds at a high 
level pregnancy is apparently inhibited. It seems to be a preva¬ 
lent opinion that the fitting and management of cows on official 
test to secure as high a level of milk production as possible has a 
tendency to interfere with the occurrence of conception. The 
relation of the rate of milk secretion to the recurrence of preg¬ 
nancy is not only of physiological interest, but in the case of the 
cow it becomes also of much economic interest. 

It is well known that the economy of milk production in the 
cow is very closely related to the amount of milk produced, ex¬ 
pressed as an average per year over the life of the cow. The 
factors contributing to the average yield per year include three 
major physiological elements: (a) frequency of calving; ( b) initial 
or maximum rate of milk yield following calving; (c) persistency of 
lactation or the rate of decrease in the rate of yield with advance 
in lactation. These three elements may be regarded as given in 
order of their importance, inasmuch as the bearing of young is 
ordinarily essential to the initiation of milk secretion, and inas¬ 
much as initial rate of yield is a much more powerful factor deter¬ 
mining yearly yield than is persistency of lactation. 

The common practice of dairymen is to breed their cows to 
freshen about once a year and this practice is essential to efficient 
milk production regardless of the value of the calf itself. Fre¬ 
quent calving is necessary to renew the stimulus to milk secretion 
and essential to maintain the mammary gland at the highest 

• Received for publication October 4,1928. 
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average rate of secretory activity. This may be demonstrated 
from theoretical premises. It is well known that the average 
lactation curve is of a descending exponential type [cf. (2), (3), 
(4)] terminated more or less abruptly by advanced pregnancy 
through natural and artificial agencies [cf. (5), fig. 9]. The theory 
of the case is set out in figure 1. 



Fig. 1. Diagrammatic Representation of the Lactation Curve 
, dy 

The upper heavy line curve is the exponential curve, ~ *■ os’** 1 , typical of 

at 

the rate of milk secretion outside the inhibitory influence of pregnancy. The 

symbol y is used for milk yield, t for time in months with calving as origin, a and 

i. dy 

k are constants, e is the base of natural logarithms, and — is an expression of the 

calculus which in this case, means the instantaneous rate of milk yield per month. 
This equation is admirably adapted to describe the lactation curve because of its 
close agreement with the observed milk yields and because of the properties of its 
constants. The constant a represents the initial rate of yield per month; k 
represents the rate of decrease per month in the rate of yield; and the area under 
the curve, that is the total amount of milk yielded up to any time (t) is given as 

a function of the time by the expression £ (1 — 

' The lower or coincident lighter line curve represents the average realised lacta¬ 
tion curve. The full rate of milk secretion required by the simple exponential 
curve above is not realised until a few days after calving [cf. (6) and (7), fig. 4]. 
This results in the small area or deficiency in yield marked B in the diagram. It 
is possibly due to a residual inhibition from the preceding pregnancy. Some time 
after calving the cow again conceives and at a somewhat advanced stage of preg- 
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The average yield per year for the period from one calving to 
the next, denoting this period in months by x, becomes: 

Ordinarily, k — about 0.1 and assigning it this value and con¬ 
sidering a constant, we find that the value of the expression 
decreases as x increases beyond 10 (about the lowest possible 
value of x). Or, to leave the matter in mathematical form the 
expression reaches a maximum when kx + 1 = This 

equality with k = 0.1 is attained when x = 7.72. Even if k 
= 0.05, as is possible under liberal feeding, the maximum is 
reached at x = 10.32. Hence, the highest average yearly yield 
is obtained by the most frequent breeding, assuming that a 
remains constant. Ordinarily, of course, a increases with each 
succeeding lactation up to an age of eight to nine years, so that 
the desirability of frequent reproduction is further emphasized. 

Furthermore, a and k are closely correlated as are also a and 
?/, while k and y are only slightly correlated. 1 It is clear that 

nancy there is again an appreciable reduction from the full rate of yield required 
by the upper curve. This results in the small area or deficiency in yield marked C 
in the diagram. It is probably due to an inhibition of milk secretion associated 
with the current pregnancy. Finally, at two months before term (broken vertical 
line in the diagram) the cow is dried off, a yield represented by the area D being 
produced during the process. The cow is dried off in anticipation of the following 
lactation and a dry period of six or seven weeks is considered sufficient [cf. (5), 
fig. 16]. 

An expression for the area under the lower lighter line curve representing the 
realized milk yield might be derived but it would be rather complicated. As a 
usable approximation we may assume that D — B 4- C in the diagram and esti¬ 
mate the lactation yield from the simple upper curve, since B, C and D are small 
as compared to the total area. If we denote the time in months from one calving 

to the next by * then the lactation yield becomes ~ [1 — . From this ex- 

K 

pression we may readily generalize as to the effect of variation in length of the 
calving interval on average yield. 

1 Guernsey records treated on an energy basis, and dealing with yield (Y) 
for 366 days of the lactation show * 0.535, r„Y * 0.672, r*y * —0.226 (paper 
in press). It was first shown by Gavin (8) that lactation milk yield is closely 
correlated with the maximum day's yield, r « 0.839 ± 0.006. 
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high yearly yield is to be attained only from high initial or maxi¬ 
mum rate of yield and high initial rate of yield carries with it a 
rapid rate of decrease in rate of yield with advance in lactation. 
The larger k the more rapidly the expression of the preceding 
paragraph decreases as x increases. The necessity of frequent 
reproduction is therefore still further emphasized. 

The foregoing preamble may serve to indicate the significance 
of the relation of the rate of milk secretion to the occurrence of 
pregnancy, from the standpoint of economical milk production. 
If high initial rate of milk secretion interferes with conception in 
the cow as Hammond has shown it does in the rabbit, then the 
advantage that is attained by the capacity to high yield at the flush 
of lactation will be lost, more or less, by the failure to conceive 
again promptly. The published records of the American Guern¬ 
sey Cattle Club afford data of value bearing on this point, and 
certain of these records are presented in the present paper as 
bearing on the relation of the rate of milk secretion to service 
period. 

SOURCE AND TREATMENT OF DATA 

The records are taken from Volumes 33, 34 and No. 1 of 35 
of the Guernsey Herd Register, and include all records in the 
volumes specified in which riot more than sixty days elapsed from 
calving to the beginning of the first full calendar month of the 
record. The great majority of the records start within a few 
days after calving. The records of production are published by 
calendar months and include also data as to time of calving and 
the effective service following. It is, therefore, possible to 
correlate the service period with the approximate initial or maxi¬ 
mum rate of milk secretion, taking this latter to be the milk yield 
for the first recorded full calendar month. 2 The records number 
4893 of which 222 show no account of effective breeding up to 380 
days after calving. 

If the rate of milk secretion affects the occurrence of pregnancy 

* As ft saving in the labor of computation the calendar month milk yields are 
used directly, ignoring the variation in length of the months and in the fat per¬ 
centage of the milk. 
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it may be presumed that the effect will vary with the age of the 
cow, that is, a rate of yield of 1200 pounds per month by a two- 
year old would be presumed to interfere more seriously with 
pregnancy than would the same rate of yield in a mature cow. 
The records have, therefore, been classified according to the 
age of the cow. For this purpose the classification used in 
the published records has been followed, viz.: Class A, five 
years and over; B, four and one-half to five; C, four to four and 
one-half; D, three and one-half to four; E, three to three and one- 
half; F, two and one-half to three; G, less than two and one-half 
years. Class A includes cows up to sixteen years or more of age. 
Class G includes a small proportion (10 per cent) of cows under 
two years, with rarely any (0.4 per cent) below one and one-half 
years. Age is reckoned according to the date at which the record 
starts. 

RESULTS 

The means, standard deviations and coefficients of variability 
for rate of yield and service period are given in table 1, also the 
coefficients of correlation between these two variables. Cows 
not bred at 380 days after calving are excluded in table 1. It is 
apparent from the constants that while the mean rate of yield 
changes markedly with age, there is no material or consistent 
change in the mean service period with age. Judged by the 
coefficient of variability, service period is a highly variable 
feature of these records. 

The coefficient of correlation between rate of yield and service 
period at the various ages shows a small positive correlation except 
at the three to three and one-half year old class. The correlation 
for all ages, r — 0.039 ± 0.010, may be regarded as significant 
from a technical statistical standpoint, but it is evident for all 
practical purposes that the first full month’s milk yield and 
service period are independent. 

Table 2 gives the mean service period for various age classes at 
different levels of milk yield. There is given also, in the last 
column, the number of cows not bred at 380 days after calving, 
expressed as a percentage of the total number in the respective 
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TABLE 1 

Statistical constants of rate of milk secretion and service period 


Guernsey records 


AGE CLASS 

NUMBER 

OF 

RECORDS 

MILK YIELD FOR FIRST FULL 
CALENDAR MONTH 

SERVICE PERIOD 

COEFFICIENT OF 
CORRELATION 

Mean 

Stand¬ 

ard 

devia¬ 

tion 

Coeffi¬ 
cient of 
varia¬ 
bility 

Mean 

Stand¬ 

ard 

devia¬ 

tion 

Coeffi¬ 
cient of 
varia¬ 
bility 

years 


pounds 

pounds 


days 

days 



Under 2J 


875 

177 

20.23 

■f v ! 

80 

44.62 

0 .041 0 .020 

2j to 3 

523 

943 

186 

19.69 

173 

80 

46.26 

0 .046 db 0 029 

3 to 3$ 

434 

1,025 

191 

18.63 

162 

84 

51.61 

-0.064 ±0.032 

31 to 4 

416 

1,076 

207 

19.26 

169 

82 

48.63 

0 005 db 0.033 

4 to 41 

362 

1,146 

216 

18.86 

171 

81 

47.47 

0.033 db 0.035 

41 to 5 

311 

1,168 

231 

19.80 

165 

81 

48.77 j 

0 073 0 038 

5 and over 

1,505 

1,234 

■ 

231 

18.72 

177 

81 

46.13 | 

0.046 0 017 

All ages 

4,671 

1,071 | 

253 

23.61 

174 

81 

46.85 



TABLE 2 

Mean service period at various rates of milk secretion and ages 
Guernsey records 


MILS YIELD 
FOR 

AGE, YEARS 


FIRST FULL 







r j 


COWS NOT 

CALENDAR 

Under 2$ 

21 to 3 

3 to 3§ 

3* to 4 

4 to 4J 

4J to 5 

over 

All ages 

BRED AT 

MONTH, 









380 DAYS 

CLASS MID¬ 










POINTS 



Mean service period 




pounds 

days 

days 

days 

days 

days 

days 

days 

days 

per cent 

450 

140 


r 





140 

0 

550 

185 

212 


230 

10 



181 

0 

650 

168 

171 

179 

203 

160 



168 

4.2 

750 

184 

161 

173 

158 

148 

159 

178 

175 

5.4 

850 

177 

175 

172 

155 

162 

178 

182 

174 

3.3 

950 

177 

177 

162 

161 

170 

151 

175 

170 

3 4 

1,050 

186 

176 

156 

188 

171 

156 

171 

178 

5.1 

1,150 

195 

180 

158 

172 

162 

153 

167 

169 

5 4 

1,250 

181 

190 

147 

139 

172 

185 

169 

168 

4.8 

1,350 

186 

144 

182 

187 

183 

189 

184 

183 

2.8 

1,450 


187 

158 

180 

174 

148 

171 

170 

5.5 

1,550 

170 

226 

157 

114 

153 

155 

182 

174 

6.4 

1,650 



110 

220 


190 

194 

190 

7.8 

1,750 



110 

170 

230 

194 

189 

189 

9.5 

1,850 




150 

135 

170 

240 

197 

12.5 

1,950 







216 

216 

12.5 

2,050 









0 

2,150 







200 

200 

0 
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milk yield class. The proportion of farrow cows does not change 
with the rate of milk yield except in the last few (highest yield) 
classes and here the frequencies are too small to make the results 



Fig. 2. Showing Distribution or 4893 Guernsey A. R. Records with Respect 
to Service Period, that is, Time from Calving to Effective Service 

The column at the right indicates cows not in calf at 380 days after calving 



Milk Yttfd - lbs 

Fig. 3. Showing the Observed Regression Lines Derived from the Correla¬ 
tion Surface for the Variables, First Full Calendar Month Milk 
Yield and Service Period 

The * shows the mean milk yield, 1111 pounds for cows not bred at 380 days, 

of much significance. It may be inferred, therefore, that the 
absence of these farrow cows in the data of table 1 does not 
disturb the significance of the correlations there given. 
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The service period frequency distribution for all ages combined 
is shown graphically in figure 2, expressed on a percentage basis 
to the total number of records (4893) as a base. The column at 
the right represents the 222 cows unbred at 380 days (4.54 per 
cent) and the area of the histogram represents 95.46 per cent. 

DISCUSSION 

The present records do not give any information as to infertile 
services. There is, no doubt, a tendency on the part of the 
breeders to delay service in the case of cows on official test in 
order to secure a higher 365-day record. The mean service pe¬ 
riod, 174 days, is excessively long from the standpoint of economi¬ 
cal milk production, and represents one of the consequences of 
the endeavor of the system of Advanced Registry to obtain a 
maximum 365-day record. At least there is no apparent reason 
to suppose that there is any physiological necessity for the unduly 
long service period of advanced registry practice. 

It would seem that there might be a more or less well defined 
tendency to delay breeding more frequently and for a longer 
time with cows that start their record at a high level as compared 
with those starting at a lower level. Such a tendency would lead 
to a positive correlation between rate of yield and service period. 
The very low correlation ■ (r - 0.039) found may be due to this 
tendency, but in any case, it seems safe to conclude from the 
evidence of the present records, that high initial or maximum 
rate of milk secretion is not antagonistic to the recurrence of 
conception. The most promising possibility of increasing the 
average yearly yield, and thereby the efficiency of the cow, seems 
to lie in increasing the rate of milk secretion at the flush of lacta¬ 
tion. It is fortunate if improvement in this direction is not to be 
neutralized in any wise by a concomitant delay in conception. 

SUMMARY 

The first full calendar month milk yield and the service period 
(calving to conception) of 4671 Guernsey A. R. records show a 
coefficient of correlation of 0.039 dt 0.010. There is no evidence 
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that high rate of milk secretion interferes with the recurrence of 
conception in these records. The mean service period is 174 
days, standard deviation 81 days, coefficient of variability 47. 
From generalized premises the service period is far too long 
for the most economical life time production. The records for 
the same period show no record of breeding up to 380 days for 
222 cows (*= 4.54 per cent of 4893). 
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THE FORMATION OF ACID IN MILK BY HEATING* 

E. O. WHITTIER and ANNE G. BENTON 

Research Laboratories, Bureau of Dairy Industry, United States Department of 
Agriculture, Washington, D. C. 

The changes in the hydrogen ion concentration and acidity 
caused by heating skimmilk at the boiling temperature and at 
95° in open flasks have been presented and discussed briefly in 
an earlier article (1). The rather small amount of literature on 
the subject was reviewed, and our experimental methods were 
described in detail. This article contains similar experimental 
data obtained at higher temperatures and other data bearing on 
the buffer action of heated milk and on the source and nature of 
the acid formed. 

In carrying out the heating experiments above the boiling point 
of milk, it was necessary to use sealed containers. The ordinary 
6 ounce evaporated milk cans sealed by a crimping machine were 
employed. Thus there was no possibility of contaminating the 
samples with the acid of soldering flux. The cans were heated 
in a steam jacketed kettle containing glycerine, in which the cans 
were completely submerged. The steam pressure in the jacket 
was adjusted by a reducing valve to give the desired constant 
temperature (±0.5°) as measured in the glycerine. All determin¬ 
ations made at the same time interval from the beginning of the 
heating were carried out on the contents of a single can. With 
the exception of the acidities on the run at boiling temperature 
under reflux, in which a Hildebrand electrode was used for the 
titration, all acidities recorded in this paper were determined by 
adding to a sample a volume of 0.1 n alkali estimated from pre¬ 
vious experience tp be sufficient to bring the sample to pH 8.3. 
The hydrogen ion concentration of the mixture was then deter¬ 
mined by means of the Clark electrode. The same procedure was 

* Presented before the Division of biological chemistry at the Seventy-second 
Meeting of the American Chemical Society, Philadelphia, Pa., September 8 to 
11, 1926. Received for publication October 7,1928. 
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repeated with a different volume of alkali until values were ob¬ 
tained between which the exact volume of alkali necessary to give 
a pH of 8.3 might properly be interpolated. This method avoids 
diffusion errors and the slow and uncertain approach to equilib- 



Fig. 1. Effect of Boiling Temperature on Titratable Acidity and Hydro¬ 
gen t Ion Concentration of Milk Held under Reflux and in Sealed Cans 

rium which was experienced in using the Hildebrand electrode in 
the earlier titrations. 

Obviously the closed containers would retain carbon dioxide 
and any other volatile constituent of the milk whether present 
originally or formed during the heating. In order to determine 
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to what extent previous data obtained at lower temperatures in 
open containers oould be compared with data at high tempera¬ 
tures in closed containers, a run was made at 102° in sealed cans 
for direct comparison with a run made at approximately the same 



Fig. 2. Effect of Heating at 110® on Titratable Acidity, Hydrogen Ion 
Concentration and Viscosity of Mile Held in Sealed Cans 

temperature (boiling) in a flask under a reflux condenser. The 
samples of milk were from the same herd but not from the same 
milking. For these two experiments, hydrogen ion concentration 
and acidity are plotted against time of heating in figure 1. 
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It will be noted that the slopes of the curves of each function 
are practically the same for both samples. The slope of the 
hydrogen ion curve of the sealed sample is slightly lower than 



Fig. 3. Effect of Heating at 120° on Titratable Acidity, Hydrogen Ion 
Concentration and Viscosity of Milk Held in Sealed Cans 

that of the other, probably due to a great extent to the buffer 
action of the carbonate radical, but possibly due in a measure to 
a different buffer action of the original milks. The acidity levels 
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are different, as might be expected from the fact that after the 
first hour carbonic acid was still included in the titration in one 
set of samples but not in the other. Evidently the chemical 
changes involving acid formation are practically identical in 
character in the sealed samples and in those in open containers 
under reflux. 

It should be noted that in this experiment and in the ones fol¬ 
lowing in which the heating was continued after coagulation had 
taken place, except for a slight disturbance at the incidence of 
the coagulation, the hydrogen ion concentration continues to 
follow the same curve after the precipitation of the casein. This 
appears to us to indicate that the casein is not appreciably in¬ 
volved in the acid formation but that the source of the acid is 
some constituent of the whey. 

Two runs were made at 110° and two at 120°. The runs at 
any one temperature gave data in close agreement. Figures 2 
and 3 show curves for one run at each temperature. The results 
of viscosity determinations are included on the plots to indicate 
visually the time and approximate rate of coagulation. Vis¬ 
cosity is plotted as the time required for a sample to pass through 
a capillary opening divided by the time required for the same 
volume of water to pass through the same opening. 

Values obtained by calculation of hydrogen ion concentrations 
from measurements of potential differences at elevated tempera¬ 
tures are without a sound theoretical basis under present methods 
of standardization. Consequently, it is not possible to determine 
the hydrogen ion concentration at which milk curdles during 
sterilization. However, a hint as to the effect of raising the 
temperature of milk on its hydrogen ion concentration may be 
received from the fact that in both 110° and 120° experiments 
coagulation began at a time when the hydrogen ion concentration, 
as measured after cooling, was approximately 2.5 Xl0~ 6 , or pH 
=5.60. Cosmovici (2) has shown that at ordinary temperatures 
coagulation induced by acid begins at pH 5.35. 

No attempt is made to give a detailed explanation of the sud¬ 
den temporary arrest of hydrogen ion concentration change dur¬ 
ing the early stages of coagulation. However, it indicates a 
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powerful buffer action that is manifested only for a brief time. 
In fact, determinations on the 120° run were not frequent enough 
to obtain even a suggestion of this feature of the curve. The 
continued smoothness of the curve of hydrogen ion concentration 
changes at 120 indicates again that the acid is produced mainly 
by a constituent of the whey. 



z e o /o /e /6 /a zo ee 
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Fjg. 4. Relationship between Acid Formation and Hydrogen Ion Concen¬ 
tration Change in Milks Heated at Various Temperatures 

Runs made in open flasks at 95° and 90° show nothing of inter¬ 
est beyond a slower rate of acid formation, and consequently the 
corresponding curves are not published. 

The next point to be considered is the relationship existing 
between the quantity of acid formed by heating skimmilk and the 
corresponding changes produced in hydrogen ion concentration. 
In figure 4 is plotted this relationship for each of the five runs 
carried out in sealed cans. The grouping of the various points 
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about a common curve indicates that the buffer action exerted 
by the milk samples was practically the same at all temperatures 
employed and that undoubtedly the same acids in very nearly 
the same proportions were formed in each case. It should be 
noted that of the two sets of points which stray upwards in the 
coagulation range, one is plotted from a run at the same tempera¬ 
ture as another which clings closely to the flatter slope in the same 
range. These slight discrepancies are undoubtedly due to differ¬ 
ences in the buffer contents of the original milks. Many workers 
have noted that it is unusual to find two samples of milk identical 
in buffer content. 



The curve in figure 4 is really the titration curve of skimmilk 
the titrating acids being those formed during heating. If milk 
were titrated with an acid having a dissociation constant equal 
to the mean dissociation constant of the acids formed in the 
heated milk, a very similar curve should be obtained. It should 
be identical only in case a single acid is formed and the buffer 
action of milk is not changed by heating. 

jjr' In figure 5 are plotted titration curves of raw skimmilk, acids 
of several different degrees of dissociation being used. Hydro¬ 
chloric acid was chosen as a strong acid, monochloracetic (pH - 
2.81, pH being the logarithm of the reciprocal of the dissociation 
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constant) as an acid of medium strength, and lactic (pK =3.82) 
and acetic (pK =4.73) as weak acids. It was desired to use acids 
foreign to milk and of pK values in the region between 5 and 7. 
However, it was both disappointing and interesting to find that 
the only common acid radicals which have such dissociation 
constants are those already present in the milk. 

The close similarity of the curves obtained may seem surprising 
at first, but it must be borne in mind that the principal buffer 
in milk in the range of these titrations is a mixture of phosphates 
and that the value of pK for the second hydrogen of phosphoric 
acid, which is the one principally involved, is about 7.0. Con¬ 
sequently, the buffer action which might be exerted by any of 
the relatively stronger acids used is almost completely over¬ 
shadowed by the buffer action of the phosphates of milk. This 
curve has a much flatter slope than the group of figure 4. Since 
it has been observed repeatedly that phosphates are precipitated 
by heating milk, and since it is to be expected that the buffer 
action is changed by heating, titration curves were carried out 
on skimmilk that had been autoclaved at 120° for thirty minutes. 
It will be seen by a comparison of figures 4 and 6 that the curves 
of autoclaved milk are in good agreement with those obtained 
from the titration of milk by the acid produced during heating. 
While these findings duplicate the effect produced by heating 
milk in so far as the relationship of hydrogen ion concentration 
to acids formed is concerned, they do not identify these acids. 
They do, however, locate their mean dissociation constant above 
1 XlO -6 . In view of the loss of buffer action caused by heating 
milk, objection may be raised to the above method of titration 
on the ground that since the amount of alkali required to change 
the pH of raw milk from 6.6 to 8.3 is greater than the amount 
that would be required after heating, the difference between the 
initial titration on the raw milk and the subsequent titrations 
on the heated milk does not give the true value for the amount 
of acid formed. In other words, the values for acid formed are 
slightly too low. However, the error must be comparatively 
slight and in any case would not noticeably affect the form of 
the time curves. The slopes of the titration curves would be 
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quite unaffected. The primary reason for the choice of end point 
was that the results might be compared with those of other in¬ 
vestigators along similar lines who have used phenolphthalein as 
the end-point indicator. It should be pointed out that the re¬ 
moval of buffer by heat is not a quickly completed reaction even 
at 120° but that it involves a time factor. 



Fio. 6. Titration Curves of Autoclaved Milk with Various Acids 


Reasons have been stated for believing that the acid of heated 
milk is produced from a constituent of the whey. Investigators 
of the mechanism and conditions involved in sugar oxidation 
have found that lactose is very easily oxidized, whether in acid 
or alkaline solutions, to give mixtures of acids. Under weakly 
oxidizing influences, formic is always one of the acids produced (3). 
Levulinic acid is characteristic of acid oxidations of lactose; 
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saccharinic acids, of alkaline oxidations. In the case of heated 
milk, if lactose is the source of the acid formed, the rate of acid 
production should be a function of the lactose concentration as well 
as of the time and temperature of heating. To settle this point, 
experiments at boiling temperatures were carried out on a sample 
of skimmilk and a sample of the same milk in which 5 per cent 
lactose had been dissolved. The heating was carried out in open 
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Fia. 7. Effect of Added Sugars on Acid Formation in Heated Milk 


flasks under reflux condensers, both flasks being heated in the 
same bath. The rates of change of hydrogen ion concentration 
and acidity are shown in figure 7. Practically twice as much 
acid is produced in the milk containing 5 per cent added lactose,— 
altogether double the normal quantity,— as is produced in the 
normal milk. Similar experiments were also carried out on 5 per 
cent lactose solutions containing the same concentrations of total 
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phosphate, of total citrate, and of hydrogen ions as are present 
normally in milk, and changes in hydrogen ion concentration and 
acidity were obtained very similar to those in milk under the 
same time and temperature conditions of heating. This is con¬ 
sidered sufficient proof that lactose is the principal source of the 
acid formed in heated milk. 

The second set of curves in figure 7 is from an experiment anal¬ 
ogous to the one on which the first set is based, except that a 
different sample of milk was taken and the sugar used was su¬ 
crose. Evidently, from the standpoint of the condensed milk 
manufacturer, sucrose is a much more desirable carbohydrate in 
milk than is lactose, since it does not produce acid during the 
heating of milk. The suitability of sucrose as a preservation for 
condensed milk is made evident by these data. 

Lactose analyses were made on a sample of milk before and 
after heating and showed that during the production of acid 
equivalent to a concentration of 0.02 molal, lactose diasappers 
in amount equivalent to a concentration of 0.085 molal. In 
other words, even on a mol to mol basis, the lactose loss is suffi¬ 
cient to account for more than four times the amount of acid 
formed. 

Another portion of heated milk was subjected to steam distil¬ 
lation. The distillate was acid and gave the characteristic tests 
for formic acid, which is an oxidation product characteristic of 
carbohydrates, but not of proteins. 

Experiments on lactose solutions containing radicals similar in 
their buffer action to those in milk, but chemically different, 
would settle the question of a specific phosphate effect on re¬ 
actions involving lactose. However, the only buffers that meet 
these requirements are certain complex organic acids, few in 
number and difficult to obtain. Aside from the variation in rate 
of color development with phosphate content, nothing in our 
experiments indicates any specific action of phosphate ions. 
However, this is as readily explained on the basis of the b uff er 
action of the phosphate, since a continued low hydrogen ion con¬ 
centration is particularly favorable to caramelization of lactose. 
Until it is shown that buffering acid radicals other than those 
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present in milk, but having practically the same dissociation 
constants, do not exert the same physical and chemical effects on 
the equilibria, we feel that any claims for specificity of action of 
phosphates in milk are unproved. 

Among the applications of the foregoing may be noted its bear¬ 
ing on the forewarming of milk previous to condensing. It is well 
known that the stability of milk during condensing and sterilizing 
is considerably affected by preheating. Certain times and tem¬ 
peratures of heating render the milk more stable; others have the 
opposite effect. Evidently there is a balancing of factors, oppos¬ 
ing in effect, both sets of which are to a considerable degree 
functions of time and temperature of heating. The above data 
show that the unstabilizing influences are, at least in part, the 
formation of acid and the removal of buffer substances during the 
heating. Attainment of the most successful forewarming condi¬ 
tions depends upon the proper choice of time and temperature 
to give the most advantageous balancing of the stabilizing 
effect, whatever may be its character, against these deleterious 
influences. 

Both the acid formation and the loss of buffer are factors that 
should be considered in modifying milk for infant feeding when 
previously heated milks are used. Other applications of the data 
here presented will occur to workers on specific problems of the 
dairy industry. 


RECAPITULATION 

Acid is formed during heating of milk at a rate which is a direct 
function of the time and temperature of heating and of lactose 
concentration. 

The rate of acid formation appears to be unchanged by the 
coagulation of the casein. 

The changes of hydrogen ion concentration and of acidity of 
heated milk caused by this acid production are of the same order 
of magnitude as those produced by heating similarly a 5 per cent 
lactose solution buffered with the same amount of phosphate and 
citrate and adjusted to the same initial hydrogen ion concentra¬ 
tion as those existing in milk. 
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The relationship between the amount of acid present at any 
time and the hydrogen ion concentration existing at the same time 
in the heated milk is comparable with that established by acids 
with dissociation constants greater than 1X 10~ # . 

Increasing the lactose concentration of milk causes an in¬ 
creased amount of acid to be formed when the milk is heated. 
Addition of sucrose has no apparent effect on the production of 
acid in milk by heat. 

The loss of lactose content in a heated milk is more than suffi¬ 
cient to account for the acid production, even on a mol to mol 
basis. 

We conclude that lactose is the principal source of the acid 
produced by heating milk. 
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LACTOSE SOLUBILITY AND LACTOSE CRYSTAL 
FORMATION 

II. LACTOSE CRYSTAL FORMATION* 

O. F. HUNZIKER and B. H. NISSEN 
Blue Valley Research Laboratories, Chicago, Illinois 

It was pointed out in Part I of our investigation on “Lactose 
solubility and lactose crystal formation” (1) that the milk 
colloids had no noticeable effect on lactose solubility but that 
sucrose solutions decreased the solubility of lactose to some 
extent. This decrease was but slight in dilute solutions but 
became more pronounced as the sucrose concentrations increased. 

These findings have a direct, practical bearing on the control 
of sandiness in ice cream and the control of sandiness and pre¬ 
vention of sediment in sweetened condensed milk. In this work 
it had been observed that the sugar crystals in sweetened con¬ 
densed milk which, when it leaves the vacuum pan, normally 
represents a supersaturated lactose solution containing a sucrose- 
in-water concentration of about 60 to 64 per cent, were con¬ 
spicuously different to the eye from the general appearance of 
lactose crystals as they crystallize from pure aqueous solutions. 
The latter are of the usual slender tomahawk shape while those 
found in sweetened condensed milk are distinctly pyramidal 
and very blunt. 

These facts suggested the possibility of the formation, in 
solutions containing both lactose and sucrose, of mixed crystals 
of both sugars and of a possible relation between the effect of 
sucrose on lactose solubility and the form of lactose crystals. 
These observations, therefore, prompted a study of the crystallog¬ 
raphy of lactose crystals precipitated from diverse solutions 
and mixtures, such as pure lactose-in-water solutions, lactose-in¬ 
milk, lactose-in-sucrose solutions of high and low concentrations, 
unsweetened condensed milk and sweetened condensed milk. 

* Received for publication July 28,1926. 



140 


O. F. HUNZIKER AND B. H. NISSEN 


METHOD USED FOR STUDYING LACTOSE CRYSTALS 

Materials used and preparation of solutions 

The materials used in this investigation consisted of Mercks 
c.p. lactose, Difco c.p. lactose, Pfanstiehl c.p. sucrose, Domino 
brand sucrose, whole milk, skimmilk, distilled water, unsweetened 
condensed milk and sweetened condensed milk. The sucrose-in¬ 
water and sucrose-in-milk solutions were so prepared as to have 
present in the water part of the solution either 14 per cent or 62 
per cent of sucrose prior to the addition of the lactose. 

All solutions, except the condensed milks, were supersaturated 
with lactose by dissolving from 30 to 60 grams of lactose powder 
in 100 cc. of the water part of the solution at a temperature of 
about 150°F. in the water bath, then cooling to 65°F. and room 
temperature, respectively, at which temperatures the lactose was 
allowed to crystallize. 

In a few cases crystallization was hastened by seeding the 
cooled solution with a definite amount of seed material (1 cc.) 
prepared by rapidly chilling with constant stirring a super¬ 
saturated solution of lactose in water. In this way crystalliza¬ 
tion was always assured and commenced in a much shorter time 
than when no seed material was added. The seed material had 
no effect whatever on the crystal form obtained. When using 
the same amount of the seed material in plain lactose-in-water 
solutions and lactose-in-sucrose solutions containing 14 and 62 
per cent sucrose, respectively, the type of crystals distinctly 
corresponded with the crystal forms typical for the solution used. 
However, in general the use of seed material was avoided so as to 
preclude the possibility of influencing crystal form. 

In most cases crystallization was allowed to proceed undis¬ 
turbed, i.e., without agitating the solution, so as to avoid all 
danger of breaking or mutilating the crystals. 

Sweetened and unsweetened condensed milk were used exactly 
as obtained from the condensery and without further modifica¬ 
tion, since these products already contained lactose in super¬ 
saturation at the temperature at which their crystal content was 
studied. 
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Preliminary crystallization studies showed that there was no 
advantage in using c.p. sucrose over filtered solutions of Domino 
brand granulated sucrose. Results obtained with Difco and 
Mercks lactose also were identical. For this reason the less 
expensive materials, i.e., Domino sucrose and Mercks lactose 
were used. 


Examination of crystals under the microscope 

A drop of the crystalline deposit was transferred to a micro¬ 
scope slide by means of a pipette at intervals during the develop¬ 
ment of the crystals, observing the progress of crystallization. 
In addition to this some of the supersaturated solutions were 
placed on slides and the cover glasses sealed down with vaseline 
to prevent evaporation. In this way the growth of individual 
crystals was followed. 

The examinations were made under magnifications of 40 X, 
100X, 440X and 900X. 

In studying the crystals under the oil immersion advantage 
was taken of the fact that by using a certain grade of immersion 
oil the cover glass could be lifted slightly by regulating the micro¬ 
meter screw on the microscope, thus causing the crystals to move 
about in the solution. By careful manipulation of the micro¬ 
meter screw it was possible to have the crystals turn completely 
over, thus permitting study from every conceivable angle. This 
method was of great advantage in studying crystals of as complex 
a form as that of lactose, since in certain positions their appear¬ 
ance was very misleading. 

Photographing the typical crystals 

In order to permanently record and illustrate the form of the 
crystals typical for the various lactose solutions, microphoto¬ 
graphs were prepared. 

In the case of lactose no difficulty was encountered in obtaining 
individual crystals. In the case of sucrose the crystals grow 
together rapidly, making the isolation of perfect individual 
crystals difficult. In order to avoid this a supersaturated solu- 
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tion of sucrose-in-water was prepared, and rapidly cooled in ice 
water with constant stirring, not permitting the crystals to unit. 
This method avoided the use of foreign substances to increase the 
viscosity for the purpose of securing individual crystals, which 
substances might effect a change in the crystal form. 

LACTOSE CRYSTALS FROM WATER SOLUTION 

Lactose crystals were studied by Schabus (2) as early as 1855 
who, however, assigned them to the rhombic hemihedral system. 
Wulff (3) in a later study reported that they belong perhaps to 
the monoclinic system while Traube (4) in 1891 described them as 
being definitely monoclinic. This classification has been found 
correct by later investigators, as is also shown by Groth (5) 
in his extensive treatise on “Chemical crystallography” which 
describes lactose crystals as being monoclinic sphenoidal. 

A further study of lactose crystals was made by Ilashimoto 
(6) in 1907 and by Sato (7) in 1914. Sato worked with sweetened 
condensed milk and reported that the lactose crystals present 
did not have the same shape and appearance as those obtained 
when lactose crystallizes from water, milk, and milk serum 
solutions. 

According to the newer method of crystal classification the 
fully developed lactose crystal belongs to class C 2 since it is 
enantiomorphous (not identical with its mirror image) and has 
one binary axis passing through base and apex. The lactose 
crystal has no center of symmetry and no plane of symmetry, 
being of a very low order of symmetry. 

In their early stages of development these crystals appear as 
very thin triangles with an extremely small portion of their apex 
cut off, i.e., they appear trapezoidal. These truncated triangles 
grow larger in area and thicker, showing a rhomboid base parallel 
to a barely perceptible rhomboid surface at the apex. As the 
crystals grow, their base begins to bevel off giving the appearance 
of a tomahawk and later on the apex assumes a somewhat beveled 
form also. In the full stage of development the crystal has ten 
faces. I he six sides are trapezoidal, and the base and apex 



IiA( 'T< )Sh nnSTVl, Hl|{M\Tlll\ 


143 


rhombic. In many crystals the angle of the l>evels, or AI faces, 
is such as to seemingly eliminate the faces of the base and apex! 
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In our study of lactose crystals from water solutions this type of 
crystal with the distinct tomahawk end predominated. 

In the early stages of development the relation of length to 
width of the crystals appeared from our measurements to he l.f>4 
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to 1, and their thickness about one-fifth of their length. In the 
fully developed crystal this ratio was 1.8 to 1 and their thickness 
about one-third of their length. However, the habit of the 
crystals obviously may alter these ratios slightly. These 
measurements are recorded here for convenience of later com¬ 
parison with lactose crystals from sucrose solutions. 

A sketch showing the successive stages in the development of 
lactose crystals from lactose-in-water solutions is illustrated in 
figure 1. Microphotographs of fully developed lactose crystals 
from the same solutions are shown in figures 2 and 8. 



Fit;. 3. Lactose ('in ntai.s tkom Lactose-in-Wateh Nowtion 


LACTOSE CRYSTALS FROM MILK 

By supersaturating whole milk and skimmilk, respectively, with 
powdered lactose and allowing crystal formation to take place at 
room temperature, the usual type of tomahawk lactose crystals, 
characteristic of crystals from pure lactose-in-water solutions 
were obtained. The same was true of plain condensed milk 
(unsweetened) containing from 34 to 36 per cent total milk 
solids and that had been held in the cooler at about 35°F. for a 
week or longer after being drawn from the vacuum pan. In such 
condensed milk the lactose is present in a state of supersaturation 
at the above temperature. 

The crystals in both, the fluid milk and the condensed milk, 
were fully developed at both ends and identical in every respect 
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to those separated from pure lactose-in-water solutions, as illus¬ 
trated in figures 2 and 3. Their length also averaged about 1.8 
times their width at their widest portion, as is characteristic of 
typical lactose crystals from pure water solutions. 

It is interesting to note also that the lactose crystals from 
condensed whey shown by Zoller and Williams (8) are identical 
to our lactose crystals from pure writer solutions. 

These observations clearly show that solutions containing milk 
solids yield typical lactose crystals, and that the crystal form is in 
no way modified or altered by the presence in the lactose solution 
of milk colloids and milk fat. 

LACTOSE CRYSTALS FROM SUCROSE SOLUTIONS 

In our study of lactose crystals from solutions containing 
sucrose, we persistently obtained crystals of a form apparently 
quite different from the typical lactose crystals derived from 
lactose-in-water solutions. This study embraced sucrose solu¬ 
tions containing 14 per cent sucrose, 02 per cent sucrose and 
supersaturated sucrose solutions. The modification of the crystal 
form became more pronounced as the sucrose concentration 
increased. 

In 14 per cent sucrose solutions the lactose crystals were shorter, 
decidedly thicker and many of the crystals lacked the beveled 
faces of fully developed typical lactose crystals from pure water 
solutions. Figure 5 illustrates the predominating crystal forms 
usually found to precipitate from 14 per cent sucrose solutions. 

Zoller and Williams (8) studied lactose crystals from sandy ice 
cream containing 14 per cent sucrose and report “the sandy 
crystals to be identical in form to those of pure lactose.” A close 
study of the crystals illustrated by these investigators, however, 
reveals unmistakably that the sucrose did have a modifying effect 
on the form of crystals obtained analogous to our findings with 
lactose crystals from 14 per cent sucrose solutions. 

In the case of 50 per cent, 02 per cent and saturated sucrose 
solutions, the lactose crystallized out in the form of rhomboidal, 
pyramidal crystals. As the sucrose concentration increased the 
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lactose crystals appeared to become shorter and broader. The 
crystals started as rhomboids and built up from the rhomboid 
form into truncated pyramids rather than from the triangular 
form as was observed with crystals from lactose-in-water solu¬ 
tions. Figure 4 is a sketch of the successive stages in the develop- 
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ment of lactose crystals from concentrated sucrose solutions. 
Figures 6, 7, and 8 hre miciophotographs of the lactose crystals 
as found in these solutions. 

Thus it was lepeatedly observed that where identical concen¬ 
trations of lactose were present m different bottles containing 
water and 14 and 62 per cent sucrose solutions, respectively, 
typical lactose crystals formed in the pure water solutions and the 
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pyramidal forms developed in the 02 per cent sucrose solutions. 
In the latter case the length, width and height of the crystal were 
very nearly equal. In the 14 per cent, sucrose solution the crystal 
showed the typical lactose form but it, was generally quite 
modified in the direct ion of a blunt t ype. 



Fie. 7. Lactose and Si crush Cry.stvls from Si pkrsatuuated Solution of 

Both Sugars 

Fig. 8. Lactose Crystals in Sandy Sweetened Condensed Milk 




Fig. 9. Lactose Crystal from L\ctose-in-VVater Solution (By Sato) 
Fig. 10. Lactose Crystal from Lvctose-in-Sucrose Solution (By Sato) 


It was also noted in one such experiment that during a like 
period of time the crystals from plain water were very large, 
some having attained 3 mm. in length, averaging 1.5 mm. From 
the 14 per cent sucrose solution the average length was 0.5 mm. 
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The 62 per cent sucrose water solution contained a mass of very 
small lactose crystals averaging about 0.05 mm. 

These observations indicate clearly that the presence of sucrose 
in supersaturated lactose solutions has a distinct modifying 
effect on the resulting lactose crystals and that the effect becomes 
more pronounced as the sucrose concentration increases, causing 
the triangular form to yield to the rhomboid form and the ratio 
of length to width to height to change to nearly 1. 

Although these crystals appear to differ very materially from 
those derived from lactose-in-water solutions, crystallographicallv 
they belong to the same system, since they too are monoclinic 
sphenoidal or wedge-shape, and likewise have only one binary 
axis perpendicular to the rhomboid base and rhomboid top. 
This pyramidal form of the lactose crystals from sucrose solutions 
may be considered equivalent to the fully developed crystals, 
but lacking the beveled faces, or M faces, which are characteristic 
of lactose crystals from water solutions. 

It appears, therefore, that the presence of sucrose affects the 
habit of the lactose crystal and does not permit it to assume its 
fully developed form. Sato (7) likewise found that the crystals 
resulting from crystallizing milk sugar from sucrose solutions 
were predominatingly of the rhomboid, pyramidal type. Draw¬ 
ings of lactose crystals obtained from aqueous solutions without 
and with sucrose are shown in figures 9 and 10, respectively. 

STJCROSE CRYSTALS FROM WATER- AND LACTOSE-SUCROSE 

SOLUTIONS 

The predominating sucrose crystal has eight faces, with all 
opposite faces parallel to each other. Base and top are six- 
sided. All sides of the crystal are rhomboid and its edges and 
points are often beveled off as illustrated by microphotographs 
in figures 11 and 12. In contrast to this the typical lactose 
crystal from highly concentrated or supersaturated sucrose 
solutions is a truncated pyramid with rhomboid base and apex. 

Browne (9) points out that sucrose crystals are capable of 
assuming a variety of forms. The general description above 



LACTOSE CRYSTAL FORMATION 


149 


given refers to our observations in the study of sucrose crystals 
from water solutions. 

Sucrose crystals grow to relatively very large size while lactose 
crystals were usually only from one-tenth to one-hundredth as 
long as sucrose crystals. There is also a persistent tendency of 
the sucrose crystals to grow together forming large masses of 
intergrown crystal aggregates, while lactose crystals show no such 
tendency. They rarely grow together. Where sucrose and 
lactose crystallize out from the same solution, such relation of 
size becomes very evident as illustrated in figure 7. 



1'ig 11 
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FlG. 11. SlTliOSK OnVTAIi 

Fig. 12. SmiosK Crystals kuom Sichosk-in-Watkh Sou tion 


Our observations indicate that the sucrose crystals forming in 
the presence of lactose are typical of the crystals from pure 
sucrose-in-water solutions. It may be of interest to note here 
that when sucrose crystallizes in the presence of raffinose, the 
sucrose crystals become somewhat elongated and pointed, as 
shown by Browne (9). This may be considered analogous to the 
modifying effect which sucrose in lactose solutions has on the 
form of the lactose crystals as previously described under “Lactose 
crystals from sucrose solutions.” 
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CRYSTALS IN SUPERSATURATED SOLUTIONS OF BOTH SUGARS 

Solutions in which both sugars, the lactose and the sucrose, 
were present in supersaturation, were allowed to crystallize. 
The crystalline sediment revealed the presence of lactose crystals 
typical of those found in undersaturated sucrose solutions and of 
sucrose crystals typical of sucrose crystals from water solutions. 
Under the microscope these crystals appeared to be entirely 
independent of each other, as illustrated in figure 7 and there 
seemed to be a complete absence of modifications suggestive of 
the presence of mixed crystals of the two sugars. This is in 
harmony with the general observation that organic substances 
generally do not form mixed crystals, but crystallize out sepa¬ 
rately, each yielding crystals characteristic of that substance. 

COMPOSITION OF CRYSTALS FROM LACTOSE-SUCROSE SOLUTIONS 

Solutions were prepared both in milk and in water containing 
lactose in excess and with sucrose present to the extent of 02 
per cent of the water part of the solution. The sediment of 
crystals forming here after a crystallization period of five to six 
weeks was removed by carefully draining off as much of the 
supernatant liquid as possible and then washing the crystals 
with ice cold water on the Buchner funnel several times. The 
crystals were then collected, dissolved in a small amount of water 
to complete solution and dried at 100°C’. in the vacuum oven. 
This produced the anhydride form of crystals which were weighed 
as such. These crystals were analyzed for lactose by the use of 
the gravimetric Fehling’s solution method (Association of Official 
Agricultural Chemists (10)) and showed to contain from 99.2 
to 100 per cent pure lactose. These results represent three such 
determinations. These findings are also supported by the work 
of Zoller and Williams (8) who found that crystals isolated from 
ice cream averaged 99.80 per cent lactose. 

Since the crystals separating from these concentrated sucrose 
solutions appeared to be all of the same pyramidal shape and still 
retained this shape after washing although much of the sharp 
detail was removed by the wash water, it appears safe to assume 
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that all the adhering sucrose had been washed away and that 
the resulting washed crystal sediment was representative of the 
crystal interior only and not of any of the adhering liquid. 

Furthermore, analysis of the supernatant liquid showed that 
exactly as much sucrose was present in the water part of the 
solution as was added originally. This is additional evidence 
that the crystals formed in the concentrated sucrose solution 
could not have contained any sucrose and that they were not 
mixed lactose-sucrose crystals but were pure lactose crystals. 

SUGAR CRYSTALS IN SWEETENED CONDENSED MILK 

Perhaps the most comprehensive study of sugar crystals in 
sweetened condensed milk was that made by Sato (7) who reports 
that the sugar crystals in sweetened condensed milk are milk 
sugar. This he proves by forming the osazone of lactose with a 
melting point of 200°C. He further states that exactly ,the same 
type erf crystals were obtained in sweetened condensed milk as 
the lactose crystals crystallizing from sucrose solutions. 

Our observations fully agree with Sato's work. As illustrated 
in figures 6 and 8 the crystals of lactose present in 62 per cent 
sucrose solutions are identical in form to the crystals we observed 
in sweetened condensed milk. We further noted that the height 
of the pyramidal crystals depended to some extent on the sucrose 
content of the sweetened condensed milk; the greater the sucrose 
concentration, the “squattier” the crystals. No fully developed 
tomahawk-shape crystals were observed in sweetened condensed 
milk. 

This agreement of form between lactose crystals in sucrose 
solutions and in sweetened condensed milk is in full accord with 
our observations of the factors affecting lactose solubility where 
we showed that milk colloids have no effect on the solubility of 
lactose and that the sucrose alone has a solubility-diminishing 
effect. likewise, as shown previously in this paper, the colloids 
do not have any modifying effect on the type of lactose crystals 
obtained, but the sucrose does prevent their full development. 
Home, it is the sucrose alone that causes the modified form of 
lactose crystal in sweetened condensed milk. 
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This is quite in accord with the difficulties observed in ordinary- 
crystallizations, so often encountered in efforts to secure typical 
crystals, even where only traces of impurities are present. In 
addition the viscosity of the solution may also be a factor in 
modifying crystal form. 


SUMMARY 

1. The crystalline form of lactose was studied. The crystals 
were precipitated from diverse solutions and mixtures, such as 
lactose-in-water, lactose-in-sucrose solutions of high and low 
concentrations, lactose-in-milk, plain condensed milk and sweet¬ 
ened condensed milk. 

2. Lactose crystals belong to Class C*. They are monoclinic 
sphenoidal and have only one axis of symmetry. They have 
trapezoidal side faces and rhombic tops and bottoms. The fully 
developed lactose crystal has in addition beveled faces at the 
base and apex which may terminate in a sharp edge giving the 
crystal a distinct tomahawk appearance. It may have ten 
faces and its length is approximately 1.8 times its width at its 
widest portion. 

3. Fully developed, typical lactose crystals, as described 
above, are characteristic of /the crystals obtained from super¬ 
saturated lactose solutions in water, in skimmilk, in whole milk, 
in milk serum, and in plain condensed milk (unsweetened). 
It is plainly evident, therefore, that the presence in the milk 
solution of the milk colloids and milk fat does in no way modify 
the appearance of the lactose crystal obtained. 

4. The presence of sucrose in the supersaturated lactose solu¬ 
tion causes an apparent modification in the appearance of the 
lactose crystals. The crystals so produced are short and stubby 
and lack the full development at base and apex. In the case of 
dilute sucrose solutions, such as solutions containing 14 per cent 
sucrose, this change is only slight, the lactose crystals possessing 
the full development, but they are shorter and thicker than the 
crystals from solutions containing no sucrose. This is the type 
of crystal that occurs in sandy ice cream. In the case of con¬ 
centrated sucrose solutions, such as solutions containing 62 
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per cent sucrose, the change in the appearance of the lactose 
crystal is very marked. The crystals resemble short, truncated 
pyramids with flat rhomboid base and apex, the beveled faces at 
base and apex being entirely absent. While crystallographically 
these crystals are the same, they are apparently not fully de¬ 
veloped and give a different appearance, the habit of the crystals 
being probably the only element affected. This is the type of 
sugar crystal found in sweetened condensed milk. 

5. In contradistinction to the lactose crystals, the sucrose 
crystals, while also monoclinic sphenoidal, present a vastly 
different appearance. They do not have pyramidal form, all their 
faces being rhomboid and all opposite sides generally being 
parallel. Furthermore, the sucrose crystals grow to relatively 
very large size and have a great tendency to twine together, 
which appears not to be the case with lactose crystals. These 
differences in appearance are very noticeable where lactose and 
sucrose are allowed to crystallize out from solutions super¬ 
saturated with both sugars. Such solutions yield typical crystals 
of each sugar independent of each other. 

CONCLUSIONS 

The results of the investigation discussed herein suggest the 
following conclusions: 

1. The presence of milk colloids in saturated lactose solutions 
does in no way interfere with the full development of the lactose 
crystals and such solutions yield crystals identical to those 
obtained from lactose in pure aqueous solutions. 

2. The presence of sucrose in saturated lactose solutions has a 
modifying effect on the appearance of the lactose crystal. 

3. For above reasons the modified appearance of the sugar 
crystals found in sweetened condensed milk is due to the presence 
of sucrose and not to the milk colloids contained in this product, 
the sucrose apparently preventing full lactose crystal de¬ 
velopment. 

4. The crystals found in sweetened condensed milk of usual 
sucrose content (sucrose-water ratio below saturation) are pure 
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lactose crystals. They are not sucrose crystals, nor mixed 
crystals of both sugars. 
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CHEDDAR CHEESE FROM PASTEURIZED MILK* 

WALTER V. PRICE 

Department of Dairy Industry , Cornell University , Ithaca , N . F. 

Milk of undesirable quality is frequently delivered to factories 
engaged in the manufacture of cheddar cheese. This milk 
commonly contains an overdevelopment of lactic acid producing 
bacteria or other types of microorganisms which cause objection¬ 
able flavors and textures in the cheese. Such milk is often 
responsible for losses in the manufacturing and the curing of the 
cheese which would seldom occur if the milk had been of better 
quality. 

The improvement of the quality of a milk supply under some 
conditions is a matter of great difficulty so that the manufacture 
of inferior milk into cheese is a problem often encountered. 
Since the common defects of cheese made from such milk are 
caused largely by microorganisms, it seems possible to attack 
the problem by pasteurizing the milk. 

This application of the process of pasteurization is not new. 
Von Freudenreich in 1893 (8) and Fascetti in 1903 (7) were 
among the first to see the use of the process. In 1907, Dean 
(5) and Lunde and Holm (14) reported that pasteurization was 
not effective in improving the quality of the cheese. Liska 
(12) in 1912 found some improvement in the cheese made from 
heated milk and Dean in 1912 (6) working with camembert 
cheese reported that heating the milk to high temperatures 
improved the quality of the cheese. Other observers (2, 3, 4, 
10, 20) have reported varying degrees of improvement in the 
cheese made from heated milk. 

The outstanding work on the pasteurization of milk for cheese 
making in this country is by Sammis and Bruhn (17). They 
heated milk to 160° to 165°F. for an instant and after cooling 
added hydrochloric acid to the milk to stimulate the rennet 

* Received for publication July 12, 1926. 
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action. Sammis (18) reported later that the process was success¬ 
ful in commercial practice. 

In 1923, Stevenson (21) stated that the manufacture of cheese 
from milk heated to a temperature of 160° to 165°F. for an 
instant, cooled, and set with rennet, without the addition of 
acids or salts, was common in New Zealand. He anticipated 
that within a short time every factory in that country would be 
equipped to follow the practice. 

Some observers have questioned the ability of heated milk 
to coagulate, with rennet extract, to form a curd suitable for 
the manufacture of cheddar cheese (2,3,9,11,14,17,19). Others 
have claimed that the coagulability of the milk is not injured 
by heating to moderately high temperatures (8, 12, 20). Rupp 
(16) reported that milk heated to temperatures up to 149°F. 
coagulated more rapidly than before the heat treatment. 

PRELIMINARY EXPERIMENT 

Observations were made in this study to determine the rate 
of coagulation of heated milk with rennet extract. Typical 
results of these experiments are presented in table 1. The data 
obtained from two samples of milk are shown. One sample was 
pasteurized by the flash method and the other by the holder 
method at the several temperatures and time intervals indicated. 

The flash method of pasteurizing has a tendency to delay the 
coagulation of the milk while the holder method of pasteurizing 
appears to accelerate very slightly the rate of rennet action 
when the temperatures of pasteurization approximate 60°C. 
Since the curd produced from the milk pasteurized by the holder 
method resembles raw milk curd more closely this method of 
pasteurizing was used in this study. 

EXPERIMENTAL 

Method of procedure 

In the manufacture of the cheese the usual precautions were 
taken to have identical milk in each vat. One vat of cheese 
in each experiment was made from raw milk and every vat of 
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milk was made into the best cheese possible. This fact is of great 
importance due to the wide variations in the behavior of raw 
and pasteurized milk during the cheese making process. 

Student’s method (22) of interpreting experimental data is 
used extensively in the discussion which follows. By this 
method the mean of the differences between paired experiments, 
in this case the cheese made from the vat of raw milk and the 
cheese from a vat of milk accorded some other treatment, is 
calculated. The odds against any such difference occurring due 
to chance alone are determined from tables published by Student 


TABLE I 

The rate of coagulation of heated milk with rennet at 80°C. 


TRMPRRATURE O T 
HEATING 

DURATION OF 
EXPOSURE 

ACIDITY OF MILK 

TIME or coagulation 

•c 

minutes 

per cent 

minutes 

seconds 

Raw 

None 

0 15 

3 

50 

50 

1 

0.15 

4 

20 

66 

1 

0.15 

4 

40 

77 

1 

0.15 

5 

30 

Raw 

None 

0.175 

4 

5 

55 

30 

0.175 

3 

55 

60 

30 

0.175 

3 

30 

65 

30 

0.175 

3 

40 


(23) and later extended by Love (13). These odds are stated 
numerically as 99 to 1 or 500 to 1, etc. 

The cheese were scored at intervals during the ripening process 
by Mr. Horace A. Rees, 1 Professor Walter W. Fisk,* Mr. Robert 
Kirkland, 1 Mr. A. Hargrave and the author.* The scores of the 
judges are interpreted by the ratio method (15). By this method 
the lowest scoring cheese in a series examined by any judge is 
assigned a value of 0 and the highest scoring cheese in the same 
series is assigned a value of 100. The ratio score of a cheese 
examined by a judge is a numerical value which may be calcu- 

1 New York State Department of Farms and Markets. 

* New York State College of Agriculture, Cornell University. 
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lated from the formula ^ — — ; when s is the actual score 

r 

placed upon the cheese by the judge, m is the score of the poorest 
cheese of the lot examined by the judge, and r is the difference 
in points of actual score between the best and the poorest cheese 
which the judge examined. 


The effect of the heat treatment of the milk on the quality of the cheese. 

It was assumed that variations in the treatment of the milk 
with heat affect the quality of the cheese made from it. This 


TABLE 2 

The average differences between the ratio scores of cheese made from raw , pasteur¬ 
ized and heated milk 


HBAT TREATMENT 

HEATED MILK CHEESE 
SCORE MINUS 
PASTEURIZED MILK 
CHEESE SCORE 

HEATED MILK CHEESE 
STORE MINUS 

RAW MILK CHEESE 
SCORE 

Temperature 

Held 

•F 

minutes 



130 

30 

—9.4 

4-0 2 

135 

15 

-15 4 

4-0 5 

135 

30 

-6.9 

4-8 9 

140 

15 

-5,1 

4-5.2 

140 

30 

-0.8 

4-10.9 

145 

15 

-4 8 

4-12.4 

150 

15 ‘ 

-2 2 

4-15.8 

150 

30 

-6 4 

4-21 6 

155 

15 

-18.7 

-3.5 

155 

30 

-15 2 

4-4.3 


hypothesis was tested by dividing the milk into three identical 
portions. One portion was not heated; the second was heated 
to 145°F. for thirty minutes; and the third portion was subjected 
to a heat exposure whose influence on the quality of the cheese 
was to be compared with the treatments given the first and 
second portions of the milk. The results of these trials are 
presented in table 2. 

The cheese made from milk subjected to every variation of 
of heat exposure, show a tendency to be better than the raw 
milk cheese, and the greatest improvement seems to be in those 
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cheese made from the milk whose heat exposure before setting 
most closely resembled 145°F. for thirty minutes. When these 
same lots of heated milk cheese are compared with those cheese 
made from milk pasteurized at 145°F. for thirty minutes it is 
apparent that their quality is not as good except when the heat 
treatment approximates 145°F. for thirty minutes. These data 
would seem to indicate that heating the milk to 145°F. for 
thirty minutes produces better Cheddar cheese than any other 
holder method of pasteurization. 

The term “pasteurization” will be used in the remainder of this 
discussion to indicate the process of heating milk rapidly to a 
temperature of 145°F.; holding at that temperature for thirty 


TABLE 3 

The distribution of the ratio scores of the cheese made from raw and 
pasteurized milk 


SCORER (CLASS) 

PER CENT OP CHEESE IN THE CLASS 

Raw 

Pasteurised 

20 to 30 

3 

0 

30 to 40 

3 

0 

40 to 60 

16 

0 

50 to 00 

28 

15 

60 to 70 

31 

20 

70 to 80 

19 

50 

80 to 90 

0 

15 


minutes with sufficient agitation to prevent the formation of 
any scum or pellicle on the surface of the milk; and then cooling 
as rapidly as possible to 88°F. or below. 

The effect of -pasteurizing milk on the score of the cheese 

There were 46 pairs of cheese among those made in these 
experiments in which one cheese of each pair was made from 
raw milk and the other from identical milk which had been 
pasteurized. The difference between the paired ratio scores 
of these two types of cheese shows that the pasteurized milk 
cheese is 14.64 points better than the raw milk cheese, and 
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Student’s method of interpreting the data indicates that the 
odds against any difference as great as this occurring due to 
chance alone are more than 10,000 to 1. 

The scores of these cheese are arranged in table 3 to illustrate 
the variations in quality found in each type of cheese. 

It is apparent from this table that there is a tendency for the 
pasteurizing process to produce cheese which is not only better 
but also more uniform in quality than the raw milk cheese. 

The improvement in the quality of the cheese due to the pas¬ 
teurizing process is also shown by the mean scores of the two 
types of cheese. The raw milk cheese average ratio score is 
58.46 ± 1.51, while the pasteurized milk cheese has a mean 
ratio score of 71.72 ± 0.95. The fact that the difference be¬ 
tween the mean ratio scores does not equal the mean of the 
differences in score of the paired observations is due to the fact 
that one lot of raw milk cheese sometimes served as check for 
more than one lot of pasteurized milk cheese in the course of 
the experiments. 

Variation in cheese quality during the ripening period 

The cheese were arranged in groups whose ages were approxi¬ 
mately the same, and were scored when two, six and twelve 
months of age. The mean scores of both types of cheese at these 
ages are presented in table 4. This table also shows the co¬ 
efficients of variation of these scores. 

The pasteurized milk cheese scores in table 4 show a variation 
of 5.8 points during the ripening period. Over the same length 
of time the raw milk cheese scores show a decline in the quality 
of the cheese of 13.2 points of the ratio score. The coefficients 
of variation in this same table show that there is a tendency for 
the quality of bojth types of cheese to become more variable as 
the ripening period is extended. The pasteurizing process seems 
to improve the keeping quality of the cheese. 

A more significant comparison of the relative keeping quality 
of the cheese can be made by deter mining the mean of the 
differences in score between the pairs of raw and pasteurized 
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milk cheese after intervals of two, six and twelve months in the 
curing rooms. At two months of age the mean difference in the 
ratio scores between the samples made from identical milk is 
11.01 points; at six months the difference is 15.26 points, and 
at twelve months 18.29 points. At each interval the pasteur¬ 
ized milk cheese is the higher scoring of the pairs. The odds 
against any differences as great as these occurring due to chance 
alone are more than 9999 to 1. These comparisons appear to 
emphasize the tendency indicated in table 4 for the pasteurizing 
process to improve the keeping quality of the cheese. 


TABLE 4 

Average ratio scores of the cheese during ripening 


AOS 

TBEATMENT 

MKAN BTOBE 

COEFFICIENT OF 
VARIATION 

months 

2 ( 

1 

Raw 

66 49 ± 1 69 

18 5 

2 1 

Pasteurized 

75 71 dt 0 97 

11 2 

6 { 

Raw 

57 28 ± 2 15 

30 5 

Pasteurized 

69 89 ± 1.31 

18 6 

1S { 

Raw 

53.30 dt 2 66 

29 6 

Pasteurized 

71 46 ± 2 48 

24 6 


The influence of the quality of the milk on the score of the pasteurized 

milk cheese 

When the ratio scores of the paired lots of cheese were studied 
it was noticed that the difference between the raw and pasteurized 
milk cheese seemed greatest when the raw milk cheese was of 
inferior quality. To verify this observation the coefficient of 
correlation (1) was determined between the raw milk cheese 
scores and the gain in score of the cheese made from identical 
milk after pasteurizing. This coefficient was found to be —0.54 
± 0.07 which indicates that as the score of the raw milk cheese 
decreases the difference in score between it and the pasteurized 
milk cheese becomes greater. 

The coefficient of correlation between the scores of the raw 
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milk and the pasteurized milk cheese was found to be + 0.63 ± 
0.06, showing that as the score of the raw milk cheese decreases 
the score of the pasteurized milk cheese also decreases. 

Clean raw milk which is free from undesirable flavors and 
bacteria can be made into good quality Cheddar cheese. Milk 
of inferior quality on the other hand will usually produce an in¬ 
ferior grade of cheese. As a general rule, therefore, the score of 
a raw milk cheese is an approximate indication of the quality 
of the milk from which it was made. If this is true it may be 
inferred, from the correlation of the score of the raw milk cheese 
and the gain in score of the pasteurized milk cheese made from 
identical milk, that pasteurization of milk for cheese making is 
most effective when the raw milk is of inferior quality. From 
the correlation of the scores of the raw and pasteurized milk 
cheese it may be assumed that milk of inferior quality, even 
though it is pasteurized, has a tendency to produde an inferior 
grade of cheese. 

The influence of starter upon the quality of cheese made from pasteur¬ 
ized milk 

The amount of starter used in the manufacture of cheese is 
important because of its effect on the acid development during 
the curd making process. Trials were made to determine the 
optimum amount of starter to add to pasteurized milk at the 
time of setting. The starter used was coagulated and about 
eighteen hours old from the time of inoculation. The results of 
these trials are given in table 5 as the mean of the differences 
observed between the scores of the raw and the pasteurized milk 
cheese made from identical milk. 

It seems apparent from the data of table 5 that three per 
cent of starter is thte optimum amount to use at the time of setting. 
This can be true, however, only with milk which is similar in qual¬ 
ity and acid development to the milk used in these experiments. 
This matter will be mentioned again in connection with the 
commercial method of manufacture. 
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The effect of pasteurisation on the yield and shrinkage of the cheese 

The yield of each lot of milk is calculated on the basis of the 
pounds of cheese produced by 100 pounds of milk and starter 
in the vat at the time of adding the rennet extract. The average 
of the differences in yield between the paired lots of raw and 
pasteurized milk cheese is 0.304 pound. The odds that this 
mean difference is significant are more than 9999 to 1. The 
data in table 6 indicate that this gain in yield is a permanent 


TABLE S 

The influence of starter on the gain in ratio score of pasteurized milk cheese 


starter 

MEAN GAIN in score of 
PASTEURIZED OVER RAW MILK 
CHEESE 

ODDS THAT OAP. IS SIGNIFICANT 

per cent 

1 

14 52 

5X7 to 1 

2 

15 56 

9999 to I 

3 

24 42 

3300 to 1 

4 

16 45 

30 to 1 

5 

9 03 

9999 to 1 


TABLE 6 

The yield and shrinkage of raw and pasteurized milk cheese 


TREATMENT 

SIZE OF 
CHEESE 

MEAN YIELD 

PER CENT 
SHRINKAGE 

Raw. 

pounds 

10 

10 

pounds 

10 17 ± o 049 

10 58 ± 0 046 

4 8 ± 0 025 

4 9 ± 0 017 

Pasteurized. 



gain and is not lost in shrinkage during the curing process. 
There is some loss of weight in both the raw and pasteurized 
milk cheese but it is practically the same in both types. 

The gain in yield of the pasteurized milk cheese may be caused 
by the retention of more of the fat, solids not fat or moisture in 
the cheese from pasteurized than in the cheese from raw milk. 
Therefore the pounds of fat, solids not fat and moisture in the 
cheese made from 100 pounds of milk has been calculated from 
the percentage composition of the cheese as determined by 
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analysis for fat and total solids. The results of these calcula¬ 
tions are presented in table 7. 

These data, which are obtained from the analysis and yields 
of 28 paired experiments, indicate that the pasteurized milk 
cheese probably owes its increased yield to the fact that it 
retains more of the fat, solids not fat and moisture of the original 
milk than the raw milk cheese. Analysis of the whey from the 
pasteurized milk at dipping shows that it contains 0.079 per 
cent of fat less than the raw milk whey. The odds against this 
difference being due to chance aone are 9999 to 1. This tends 
to verify a portion of the data of table 7. The solids not fat in 
the whey from both types of cheese are so variable that the 
mean of the differences between the pairs is 0.05 per cent with 


TABLE 7 

Fat, S.N.F. and moisture in raw and pasteurized milk cheese 


TREATMENT 

CHFESR FROM 

100 pounds of 

MILK AND 
STARTER 

MEAN FAT 
CONTENT 

MEAN 

MOISTURE 

CONTENT 

MEAN 

s.N.r, 

CONTENT 


pounds 

pounds 

pounds 

pounds 

Raw. 


3 674 

3.653 

2 873 

Pasteurized. 

10.618 

3.897 

3 745 

2.976 


odds of only 4 to 1 that the difference is not due to chance alone. 
This difference may be regarded as insignificant in accounting 
for the increase in the amount of solids not fat in the pasteurized 
milk cheese over the amount in the raw milk cheese. 

Commercial practice 

In the commercial work carried on by the Department of 
Dairy Industry at the New York State College of Agriculture, 
some milk is made into cheddar cheese. During the summer of 
1924 the milk delivered to the factory was bad flavored and dirty 
and developed gas and acid rapidly in fermentation tests. The 
same defects appeared in the cheese made from this raw milk 
during the early part of the season. The fat loss in the whey at 
dipping was abnormally high, ranging from 0.4 to 0.5 per cent. 
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The making process consumed about ten hours from setting to 
pressing. 

On June 24, 5000 pounds of milk were pasteurized at 
145°F. for thirty minutes. The resulting cheese was clean 
in flavor, and smooth, close, and uniform in body and texture. 
The amount of pasteurized milk made into cheese during the 

TABLE 8 

Outline of commercial method of manufacture of pasteurized milk cheese 


1. Pasteurization. 

2. Starter. 

3. Rennet. 

4. Salt. 

5. Acidity of milk when received.... 
Acidity of milk with starter added 

Acidity of whey at cutting. 

Acidity of whey at dipping. 

6. Temperature when starter is addec 

Temperature at renneting . 

Temperature after cooking. 

7. Time from setting to cutting ... 

Time from cutting to stirring. 

Time from stirring to cooking.... 

Duration of cooking. 

Time from cooking to dipping .... 

Time from dipping to packing. 

Time from packing to milling. . . . 

Time from milling to salting. 

Time from salting to hooping. 

Time from hooping to dressing.. . 
Time from setting to pressing.... 
Duration of pressing. 


. 145°F. for 30 minutes 
. 1 to 3 per cent 
.2 to 3 ounces per 1000 
pounds of milk 
1 5 to 2 5 pounds per 1000 
pounds of milk 
. 0 18 to 0 23 per cent 
0 18 to 0 235 per cent 
0 125 to 0 145 per cent 
0 145 to 0 170 per cent 
.86° to 88°F. 

88° F. 

.103° to 106°F. 

. 15 to 30 minutes 
.2 to 5 minutes 
. 10 to 15 minutes 
.30 to 45 minutes 
.40 to 60 minutes 
. 10 to 15 minutes 
.60 to 150 minutes 
10 to 20 minutes 
. 10 to 45 minutes 
.25 to 50 minutes 
5 to 6 hours 
. 14 to 16 hours 


rest of the season totaled 1,121,629 pounds. This milk contained 
3.79 per cent fat and showed a yield of 10.126 pounds of cheese 
per hundred of milk. It is interesting to note that for the three 
months previous to the period of the manufacture of cheese 
from pasteurized milk, there were 754,750 pounds of raw milk 
containing 3.68 per cent fat made into cheese with an average 
yield of 9.724 pounds of cheese per hundred of milk. 




























166 


WALTER V. PRICE 


The method of manufacture developed experimentally and 
practiced on the large scale is outlined briefly in table 8. 

Examination of the outline of the making process should not 
lead to the incorrect conclusion that it is possible to make the 
finest grade of cheese in the minimum time allotted each opera¬ 
tion. The time element in curd making is of secondary im¬ 
portance because the character of the curd determines primarily 
the speed of the cheese making process. 

Variations in the chemical and physical characteristics of the 
milk make necessary certain small but important adjustments 
in the process. Some of these variations which are indicated 
in the outline may well be discussed. 

1. The pasteurizing temperature seems most effective when 
maintained at 145°F. for thirty minutes. 

2. Enough starter is added to the milk before setting to 
produce 0.166 per cent of acid in the whey at the time of dipping. 

3. Enough rennet is needed to obtain a curd firm enough to 
cut in from fifteen to thirty minutes from the time of adding the 
rennet. 

4. Curd requires enough salt to suit the trade demand. Since 
the yield of cheese may vary from day to day, the amount of 
salt is also varied. 

5. The ability of raw milk to develop acid rapidly is destroyed 
by pasteurization. Successful curd making depends on the 
presence or the development of sufficient acid to bring about the 
normal loss of moisture from the curd. It is necessary, there¬ 
fore, in order to obtain the correct acid development at dipping, 
to adjust the amount of starter used to the initial acidity of the 
milk and the time the curd is expected to be in the whey. 

6. The temperature of the milk when the starter is added is 
near the setting temperature because usually no time interval 
is necessary for acid development before adding the rennet. 

The setting temperature which seems most advantageous is 
88°F. At lower temperatures the curd has a tendency to be 
tender like a very sweet, raw milk curd. Higher temperatures 
affect unfavorably the rate of draining of the moisture from the 
curd. 
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The cooking temperature varies with the fat in the milk, the 
acidity developed, and the character of the curd. The cooking 
temperatures of 103° to 106° seem to be desirable with pasteur¬ 
ized milk because of its tendency to retain moisture due largely 
to the slow acid development in the whey. 

7. The time consumed by each operation after adding rennet 
depends on the character of the curd and the rate of acid develop¬ 
ment in the whey. Regardless of the time element the curd at 
dipping must be firm or “shotty,” while the whey has preferably 
not more than 0.17 per cent acid or when the curd strings not 
more than $ inch on the hot iron. This desired firmness and 
acid development is attained in two to two and one-half hours 
from the time of adding the rennet. 

The time allowed for cheddaring depends on the desire of the 
maker to produce a close textured cheese. Holding for long 
periods gives a close testure, shorter periods result in more open 
textures. Proper cooling of the curd between milling and salting, 
thorough distribution and solution of the salt, followed by slow 
application of pressure in the hoop result in better cheese than 
those finished by a more hasty and careless process. 

CONCLUSIONS 

1. Pasteurization at 145°F. for thirty minutes produces better 
quality of cheese than does any other method of pasteurizing 
tried in these experiments. 

2. Pasteurized milk produces more uniform cheese, of better 
average quality, which keeps better under storage conditions 
than raw milk cheese. 

3. Pasteurization is most effective when the raw milk is of 
inferior quality but the quality of pasteurized milk cheese varies 
with the quality of the raw milk. 

4. Pasteurization increases the yield of cheese. 

5. Manufacture on a large scale demonstrates that pasteurizar 
tion of milk for cheddar cheese making is practicable, economical 
and profitable. 
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EFFECT OF MINERAL DEFICIENCY ON THE YIELD 
AND COMPOSITION OF COW'S MILK* 

R. B. BECKER and C. H. ECKLES 
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AND 

L. S. PALMER 

Division of Agricultural Biochemistry, University of Minnesota , St. Paul, 

Minnesota 

The relation of mineral deficiencies in the ration to the yield of 
milk is a question of considerable economic importance. It is 
also important to know from the nutritional standpoint whether 
the mineral elements of the milk ash—especially calcium and 
phosphorus—are affected by an insufficient supply of these in the 
feed consumed by the animal. 

It has long been observed in some of the extremely mineral 
deficient areas of Europe and Africa that the milk yields are 
reduced markedly when outbreaks of osteomalacia occur. Tuff 
(1) noted that a decrease in milk yield was a common result of 
shortage of lime and phosphoric acid in the roughages fed to 
cows in a part of Norway. If a mineral supplement such as 
bonemeal or herring meal was fed, the yield of milk was greater. 
With cows on pasture where osteomalacia did not occur, the milk 
yield was satisfactory even without such mineral supplements. 
Theiler (2) observed that ten cows receiving a ration otherwise 
very deficient in phosphorous produced 40 per cent more milk 
when the ration was supplemented with bonemeal than did an¬ 
other similar group of cows without bonemeal. Weiske (3) noted 
that cows decreased in milk flow when receiving a ration low in 
calcium and phosphorous and Fingerling (4) noted the same 
results with goats. 

Hasselbalch (5) divided a large herd of Jersey cows into two 
groups, one group receiving a commercial mineral mixture. This 

* Received for publication October 10, 1925. Published with the approval of 
the Director as Paper No. 565, Journal Series, Minnesota Experiment Station. 
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group yielded an average of 13 kgm. per cow more ‘‘butter” in 
the following one hundred and eighty days than did the controls. 
Two other groups of cows receiving dibasic sodium phosphate 
during the dry period yielded 5 kgm. more butter each than in 
the preceding lactation. Seven first-calf heifers excelled the 
yield from 9 control heifers by 4.3 kgm. of butter. He concluded 
that under his conditions the mineral supplement resulted in an 
increase of 10 to 15 per cent in butter yield. There are districts in 
Denmark where cattle suffer from lack of minerals in the feeds 
grown locally, but Hasselbalch did not state whether his herd was 
located in such an area. 

Meigs and Woodward (6) supplemented the rations of dry 
cows with sodium phosphate. On comparing the milk yields 
between the tenth and fortieth days of the subsequent lactation 
with those of the previous, they noted a 37.9 per cent increase in 
milk yield over the expected quantity. Meigs (7) found that the 
decline in milk production was less rapid on a high calcium ration 
when supplemented with calcium carbonate and most rapid on 
the low calcium ration with mineral supplement. 

A number of investigations are also reported dealing with the 
relation of the mineral content of the ration and the ash of milk. 
With the exception of one experiment reported in 1891 the results 
indicate that the mineral content of milk both in amount and 
percentage of constituents is not varied with the mineral intake. 
Among those reporting these results are Golding and Paine 
(8), Trunz (9), Weiske (10), Orla-Jensen (11), and Jordan and 
associates (12). 

Most of these investigations either covered short periods or 
were made with cows presumably in normal condition at the 
beginning of the feeding period. In view of the present knowl¬ 
edge concerning the extent to which a cow will store mineral 
matter in time of ample supply and draw upon it in times of 
deficiency, experiments made under such conditions can hardly 
be looked upon as conclusive. Only in the report of the experi¬ 
ments by Jordan is there any evidence that the cows used were 
suffering from mineral deficiency to the extent of showing typical 
symptoms. 
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For these reasons i< appeared worth while to present data 
taken in connection with an investigation of a deficiency in the 
rations of dairy cattle which is common in parts of Minnesota 
(13). The symptoms are lack of thrift, low condition of flesh, 
undersize, abnormal decline in milk production, stiffness in 
joints sometimes severe, an extremely abnormal appetite 
evidenced by persistent chewing of bone, eating wood and dirt. 
The general term osteomalacia is among those used in the litera¬ 
ture in designating this condition. The investigations reported 
in full by Becker show the trouble to be the result of a shortage 
of phosphorus in the forage grown in the region affected due to 
the small content of the same element in the soil. The chief 
forage used is prairie hay, although the trouble occurs at times 
when alfalfa is fed. The soil is not acid and legumes grow freely. 

EXPERIMENTAL RESULTS 

The data presented were taken from four cows. The animals 
received a basal ration of prairie hay and oats grown on farms 
where the trouble has commonly occurred. Three showed the 
symptoms of advanced osteomalacia when purchased and the 
same condition was produced with the fourth animal by restrict¬ 
ing her feed to the basal ration for several months. The cattle 
had free access to common salt and were watered twice daily. 
In all favorable weather they were allowed exercise for several 
hours daily in an open pen in the direct sunlight. Five-day 
composite milk samples were collected monthly and preserved 
with formaldehyde for mineral analyses. After the first series of 
milk samples were secured, the basal ration was supplemented 
with an inorganic mineral supplement, and milk samples again 
taken at regular intervals. With two of the cows, a phosphate 
supplement was later substituted for calcium carbonate, and 
further milk samples taken. The two animals receiving calcium 
carbonate as a supplement to the basal ration declined in vigor 
and condition indicating the deficiency was not in the calcium. 
Marked improvement and complete recovery from any visible 
symptoms of active osteomalacia was effected when the basal 
ration was supplemented with either mono-basic sodium phos¬ 
phate or tricalcium phosphate. 
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Twenty-four milk samples were analyzed for total solids, total 
ash, phosphorous and calcium, according to the standard methods 
by the Division of Agricultural Biochemistry. The butter-fat 
content of the milk was determined by the Mojonnier method. 
The results of the analyses are summarized in table 1. 

The data given show no indications of an increase in the cal¬ 
cium or phosphorous content of the milk attributable to the addi¬ 
tion of calcium carbonate, calcium phosphate, or mono-basic 
sodium phosphate to a ration of prairie hay and ground oats. In 


TABLE 1 

Effect of mineral supplements on the yield and composition of milk 


ltXKBBAL SUPPLEMENT FED 

NUMBElt 

OF 

SAMPLES 

DAILY 

MILK 

YIELD 

TOTAL 

SOLIDS 

FAT 

ASH 

P*Oi 

CaO 



pounds 

percent 

per cent 

per cent 

per cent 

percent 

Cow E-32: 








Basal ration. 


16 96 

13.310 

3 519 

0.717 

0.236 


Ca,(P0 4 ),. 


20.01 

12.87 

4.212 

0.736 


B 

Cow E-58: 







mi 

Basal ration. 


3 94 

16.74 


0.875 

0.260 

0.210 

CaCO,. 


4.30 

15.215 

4.430 

0 73 

0.190 

0 160 

NaH 2 P0 4 . 


5 13 

14.52 

4.158 

0 716 

0.223 

0.163 

Cow E-59: 








Basal ration. 

1 

6.36 

16.210 


0.875 

0.275 

0.202 

CaCO, . 


7.44 

13 96 

! 5.087 

0.780 

0.244 

0.185 

NaH 2 P0 4 . 


6.98 

13.995 

5.046 

0.780 

0.246 

0.182 

Cow E-62: 




; 




Basal ration. 

2 

5 68 

14.53S 

4 87 

0 785 

0.235 

0.182 

NaH 2 P0 4 . 

2 

6.55 

14.273 

4 78 

0.750 




three out of four instances, there was an increased milk yield 
attributable to the addition of a phosphate supplement to a 
ration low in total phosphorous. 

The small increase in milk flow on the addition of calcium 
carbonate to the ration of cows E-58 and E-59 may be due to the 
first sample having been taken but a few days after the animals 
had been shipped to University Farm. 

With cow E-59, a milk sample was taken made up of aliquot 
parts of each milking for the last ten days while calcium carbon¬ 
ate was being fed, and in the following ten days when she received 
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mono-basic sodium phosphate. The nation received, exclusive 
of the mineral supplement, was the basal ration known to be 
mineral deficient. The results on the yield and composition of 
the milk are shown in table 2. 

These data fail to show any change in the mineral content of 
the milk as the result of changing from the calcium carbonate to 
the sodium phosphate supplement. 


TABLE 2 

Yield and composition of milk of cow E-59 when fed calcium carbonate and sodium 

phosphate 


MINERAL SUPPLEMENT 

YIELD OF 
MILK 

FAT 

TOTAL ASH 
CONTENT 

r?o 6 

OaO 

CaCOa. 

NaHjPOi. 

69 1 
69.8 

l>er cent 

5 09 
o 00 

0 780 
0.780 

per cent 

0 248 
0.246 

per cent 

0 193 
0.182 


T\BLE3 

Calcium and phosphorus in milk from mineral deficiency rations compared to normal 



NUMBER 

OF 

TOTAL 

ASH 

PaO. 

CaO 


SAMPLES 

IN¬ 

CLUDED 

Per cent 

Per cent 
of 

total ash 

Per cent 

i 

Per cent 
of 

total ash 

Check sample. 

1 

per cent 

0 717 

0 215 

29.9 



Cow E-32. 

4 


0.235 

32.6 



Cow E-58. 

1 

0 S7f> 

0 260 

29.7 

m 


Cow E-59. 

1 

Era 

0.275 

30.8 

0 202 


CowE-62 . 

o 

Era 

0 235 

31.7 

0.182 

25.1 


At the time the experimental samples were prepared for analy¬ 
sis a sample was taken from the mixed milk of the University 
Herd representing approximately 1000 pounds daily produced by 
forty cows of four breeds. This sample analyzed with the experi¬ 
mental samples by the same analyst serves as an excellent check 
with which to compare the experimental samples. In the com¬ 
parison shown in table 3 is given the analysis of the check sample 
together with those of the experimental samples taken from the 
cows at a time when they were showing marked evidences of 
mineral deficiency. 
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The data in table 3 do not bring forth any evidence that the 
ash of the milk from the cows suffering from extreme and long 
continued mineral deficiency is changed to any appreciable extent 
from the normal. 


CONCLUSION 

The data given indicate that a shortage of phosphorus in the 
ration extending over a long period of time may become the 
limiting factor in milk production. Even under conditions of 
osteomalacia so severe as to show marked symptoms in the ani¬ 
mal resulting from an extreme and long continued shortage of 
phosphorus the calcium and phosphorus content of the milk 
remains normal in amount and in proportion. 
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PROCEEDINGS OF THE ANNUAL MEETING OF THE 
AMERICAN DAIRY SCIENCE ASSOCIATION 

The twenty-first annual meeting of the American Dairy Science 
Association was held in the Book-Cadillac Hotel, Detroit, 
Michigan, October 7,8 and 9,1926. 

The first general session was devoted to business and com¬ 
mittee reports and a splendid address on “Science All the Way 
Through,” by Dr. K. L. Butterfield, president of the Michigan 
State College. 

The Secretary’s report showed a substantial growth in the 
Association over the previous year, amounting to about 30 per 
cent. This places it on a sounder financial basis in the perform¬ 
ance of its functions. 

President O. E. Reed appointed the following committees: 

Nomination: Borland, Davis, Fitch, Rogers, C. W. Larson. 

Resolution: Guthrie, C. W. Larson, Eckles. 

National Research Council: Term expiring 1928, C. W. 

Larson; term expiring 1929, R. S. Breed and G. C. White. 

The banquet, at which three humdred were present, served 
as the setting for the announcement of awards in the judging 
contests, as usual. 

The second general session was devoted to reports of sections 
and new business as follows: 

Adoption of resolutions pertaining to the death of W. A. Stock¬ 
ing, an expression of appreciation to the Book-Cadillac Hotel 
Management, and an expression of a need for the modification 
of the present representation plan in force by the Division of 
Biology of the National Research Council. 

A Program Committee of three members was appointed with 
the following personnel: C. H. Eckles, three years; H. A. Ruehe, 
two years, and C. C. Hayden, one year. 

The committee on relations with the National Milk Dealers’ 
Association was continued with one change. The members are 
H. A. Ruehe, E. S. Guthrie, and G. D. Tumbow. 

A resolution was adopted asking the executive committee 
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to consider the advisability of holding a summer meeting of the 
American Dairy Science Association in order to avoid the con¬ 
flicting activities in connection with the National Dairy Show. 

I. PRODUCTION SECTION 

Chairman C. C. Hayden gave a brief synopsis of papers by 
G. C. White, E. B. Meigs, and E. B. Forbes. The new officers 
elected are Chairman, A. C. Ragsdale, Columbia, Mo., and 
secretary, H. W. Cave, Manhattan, Kansas. 

II. MANUFACTURING SECTION 

Chairman A. C. Baer reported for this section. 

The Official Score Card for milk was amended so as to read: 
The official score card for milk shall give a perfect score for fat 
and for solids-not-fat whenever such samples comply with local 
requirements where contest is held. 

The officers elected are Chairman, E. S. Guthrie, Ithaca, N. Y., 
and secretary, W. H. E. Reid, Columbia, Mo. 

III. EXTENSION SECTION 

Chairman A. J. Cramer presented a synopsis of the following 
committee reports: Milk Campaigns, Feeding, Cow Testing 
Associations, Bull Associations, Calf Clubs, and Dairy Manu¬ 
facturing. 

The officers elected are Chairman, A. J. Cramer, Madison, 
Wis., and secretary, C. R. Gearhart, State College, Pa. 

IV. ADVANCED REGISTRY SECTION 

Chairman Wylie presented the report for this section. 

Changes in rules adopted follow: 

1. That the supervisor should refrain from talking during the 
milking operation. 

2. That a blank test be run on the sulfuric acid. 

A resolution requesting the Breed Associations to publish the 
revised rules of the American Dairy Science Association in their 
respective handbooks. Other important papers and reports were 
received. 
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The officers elected are Chairman, P. S. Williams, State Col¬ 
lege, Pa., and secretary, J. M. Fuller, Durham, N. H. 

(Signed) G. C. White, Secretary. 

PRODUCTION SECTION 

The Production Section of the American Dairy Science Asso¬ 
ciation held its annual meeting at 2:00 p.m., Friday, October 8, 
1926 at the Book-Cadillac Hotel, Detroit, Michigan. 

Chairman C. C. Hayden, presided. The minutes of the previous 
meeting as read by Secretary 0. G. Schaefer, were approved. 

G. C. White of Storrs, Connecticut read a paper on Abortion 
Eradication in which he emphasized the following fundamental 
points which have been firmly established with reference to the 
disease: 

1. New bom calves are not permanently infected by their dams, 
and they enter a susceptible stage only after sexual maturity is reached 
and particularly after they have become pregnant. 

2. When the disease is once established in an individual or a herd, 
it is apt to be permanent, and although the animal may become capable 
of producing normal, living calves, it continues to harbor the infection 
and to spread the disease to susceptible animals which enter the herd. 

3. The B. abortus germ is responsible in whole or in part for at least 
90 per cent of the premature calvings occurring before the 2G5th ges¬ 
tation day. 

4. The blood tests are a reliable means of diagnosing the abortion 
infection. 

E. B. Forbes presented an interesting paper on Mineral Re¬ 
quirements for Dairy Cattle which he summed up as follows: 

The present evidence warrants emphasis on the use of leguminous 
roughage; on as much exposure of the cows as is practicable to direct 
sunlight; on as much use as possible of green feeds; on the curing of hay 
with the minimum of exposure to dew and rain, and on the allowance 
of a dry, resting period, and of feed during this period, sufficient to per¬ 
mit the complete restoration of the previous mineral losses. 

The present evidence warrants the use of mineral feeds only on an 
experimental basis, and does not warrant the inclusion of mineral com¬ 
ponents in commercial feeds. 
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The committee on Minerals for Dairy Cows was asked to con¬ 
tinue its work of reviewing and summarizing the work done on 
this subject, in order to determine if possible, in a short period of 
time, what are the necessary minerals for dairy cows. The mem¬ 
bers of this committee are: 

E. B. Meigs, United States Department of Agriculture 
C. H. Eckles, St. Paul, Minnesota 
C. F. Hoffman, East Lansing, Michigan 
H. B. Ellenbarger, Burlington, Vermont 
C. F. Monroe, Wooster, Ohio 

“Future Cooperative Work in Mineral Nutrition” was the 
title of a paper by E. B. Meigs in which he said, 

In the present stage of scientific progress, work on the mineral require¬ 
ments of dairy cattle should be made to center about the subject of cal¬ 
cium and phosphorus metabolism. Other mineral elements no doubt 
play a very important part in the nutrition of these animals, but in no 
other field is there so much promise of important practical information 
from a moderate amount of further work as in the subject of calcium 
and phosphorus metabolism. 

The results of the work so far carried out on this subject indicate that 
dairy cows, and particularly high producing dairy cows are likely to 
suffer from a deficiency of calcium in their rations under conditions of 
feeding and management which are widely prevalent in many parts of 
this country. They indicate further that the full effects of this deficiency 
are likely not to appear until after the animals have been on such ra¬ 
tions for a long time, and are of such a character that they would not be 
attributed to faulty feeding, unless the connection was experimentally 
proved. It is of the greatest importance, therefore, that our information 
on the questions, what constitutes a ration deficient in calcium, what 
are the effects of feeding such rations, and how are these effects to be 
avoided, should be as definite as possible. 

The following officers were elected for 1927: A. C. Ragsdale, 
Columbia, Mo., Chairman; W. H. Cave, Manhattan, Kansas, 
Secretary. 

Meeting adjourned. 


0. G. Schaefer, Secretary. 
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MANUFACTURING SECTION 

The meeting of Section II of the American Dairy Science Asso¬ 
ciation was called to order by Chairman A. C. Baer at 2 P.M., 
October 8, 1926 at the Book-Cadillac Hotel, Detroit, Michigan. 

Minutes of the twentieth meeting were read by F. J. Doan, 
Acting Secretary in place of C. D. Dahle, and approved. 

J. H. Frandsen reported for the committee on Score Cards 
and Legal Standards, to the effect that the official score card for 
milk should be amended to agree with the new government card 
used by the Bureau of Dairy Industry in which a perfect score is 
given for the items: fat and solids-not-fat whenever samples 
comply with the local requirements in respect to these 
ingredients. 

Report was adopted and sent to general session for approval. 

A. C. Dahlberg, Chairman of the general committee on Chemi¬ 
cal Methods of Testing Dairy Products reported on the organiza¬ 
tion of this committee and its relation to the sub-committees. 
The committee suggested the appointment of a sub-committee 
to study methods of testing skim milk, butter milk and whey for 
fat. They further suggested that attention be given in the near 
future to standard methods for analysis of butter for salt, water 
and fat; and of cheese for total solids and fat. The report was 
approved. 

A. C. Dahlberg reported as chairman of the sub-committee on 
The Comparative Accuracy of the Gerber and Babcock Tests. 
The two tests were found to be comparable from the standpoint 
of accuracy but for obvious reasons it was the opinion that one 
good practical test for fat in milk and cream is better than two of 
equal merit. The report was approved. 

The report of the sub-committee on Official Methods of Testing 
Milk and Cream for Fat was given by Chairman F. W. Bouska. 
The committee first recommended the publication of a pamphlet 
containing the official methods of the American Dairy Science 
Association to be sent to all college dairy departments and 
government laboratories and to commercial laboratories making 
application. 
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This matter was approved subject to approval by the general 
session. 

Recommendations were also made relative to changing the 
official A. D. S. A. Babcock method for fat in milk and cream in 
certain particulars. 

After some discussion the recommendation was adopted subject 
to approval of general session. (Note: In general session the 
recommendations were not approved but were referred back to 
committee with suggestion that A. D. S. A. methods and A. O. A. 
C. methods be kept identical and that opinion of the latter or¬ 
ganization be obtained before definitely changing the methods 
as they stand.) 

Further suggestions of this committee favored the study of the 
butyl alcohol test for buttermilk, modified Babcock methods for 
buttermilk, skim milk and whey, and modified Babcock methods 
for evaporated milk. 

Committee report was approved. 

R. C. Fisher, Chairman of the Committee on Testing Ice Cream 
for Fat and Solids reported results of a survey made to determine 
what tests were being used for fat in ice cream, and what sort of 
comparative results were being had. In general, survey showed 
that the Glacial-Acetic-Salphuric Acid test, the Alcohol-Sulphuric 
Acid test and the Glacial-Acetic-Sulphuric-Nitric Acid test were 
the most used. The committee is to continue its study with a 
view of making recommendations for standard official methods 
at a future date. Report approved. 

The committee on Methods of Determining Milk Solids not Fat 
made no report. 

R. S. Breed, chairman of the general committee on Bacterio¬ 
logical Methods reported for this committee concerning the or¬ 
ganization and work of the various sub-committees, existing and 
contemplated. He also reported for the sub-committee on milk 
and cream, stating that this committee had the opportunity of 
examining the manuscript of the proposed new edition of the 
Official Methods of the A. P. H. A. Several changes were noted 
from former editions but these must be approved at the meeting 
to be held at Buffalo, October 1926. Report approved. 
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The sub-committee on Ice Cream represented by Chairman 
A. C. Fay reported on the drawing up of bacteriological methods 
for ice cream but suggested that they be published in the Journal 
for examination by members and discussed at a future meeting. 
Report approved. 

Report of the Committee on College Creameries was read by 
the secretary. The report of this committee made last year to¬ 
gether with the resolutions was sent to the National Ice Cream 
Manufacturers Association, the International Association of 
Milk Dealers and the American Creamery Buttermakers Associar 
tion asking for a similar resolution from their respective associa¬ 
tions. The executive committee of the milk dealers association 
refused to recommend the report to the association for action. 
The other two remain to be heard from definitely. Report 
approved. 

R. B. Stoltz presented the majority report of the committee 
concerning National Contests for Judging Dairy Products. The 
committee favored the scoring of seven samples of each product 
instead of ten and the subsequent reduction of the time from one 
hour to forty-five minutes. They also favored the idea of the 
coaches being allowed to score the products during the student 
contest. After considerable discussion action was taken giving 
the committee power to draw up rules and regulations for the 
contest next year. 

R. C. Potts, Chairman of the Committee on Economic Phases 
of the Dairy Industry presented a very interesting report on the 
experiment station Purnell projects and how they were distributed 
among the various agricultural departments. Report approved. 

Chairman Baer appointed the following Committees: 

Nominating Committee: J. H. Frandsen, R. C. Potts, 
H. F. Judkins 

Resolution Committee: F. W. Bouska, 0. F. Hunziker, M. 
Mortensen 

W. H. E. Reid of Missouri presented a paper concerning the 
effect of processing on the dispersion of fat in an ice cream mix. 
High points in the conclusion were as follows: 
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Processing decreased the size of the fat globules but brought about 
greater clumping of the globules. 

Processing increased the surface tension of the mixes. 

Processing lessened the stability of the ice cream but made for 
smoother texture and greater control of the freezing process. 

A discussion topic on the relation of sugar to overrun and qual¬ 
ity was well presented by P. L. Lucas of Michigan. 

Results of experimental work showed that sugar hinders the develop¬ 
ment of overrun but betters the texture. Excessive amounts however, 
slow up the freezing process due to lowering of the freezing point, pro¬ 
duce a gummy, heavy body, make the cream hard to hold in the dealer’s 
cabinets and lessen the standing up qualities. A sugar content of 14 to 
16 per cent was deemed the optimum amount. 

H. H. Sommer of Wisconsin presented a very interesting dis¬ 
cussion topic concerning the effect of milk salts on the whipping 
ability of ice cream mixes which was illustrated by means of 
graphs. 

Sodium citrate and sodium phosphate accelerate the whipping while 
calcium salts retard it. Neutralized cream therefore has a retarding 
effect. It was very clearly brought out in the graphs that viscosity is a 
very uncertain thing by which to judge the "whippability” of a mix. 

E. S. Guthrie of Cornell presented a paper entitled “Body of 
Butter.” His data covering a rather extensive period of obser¬ 
vation shows that while medium worked butter is slightly su¬ 
perior to thoroughly worked goods in flavor (0.26 pt.), body (0.01 
pt.) and hardness (0.41 pt. by the Perkins test), the advantage 
was all in favor of the thoroughly worked product since the com¬ 
position was much more uniform and the shrinkage 28 pounds 
less per 1000 pounds than for the medium worked lots. 

The next subject, “Uniformity of Methods of Manufacture of 
Cottage Cheese,” was ably discussed by Carl E. Lee of the Gridley 
Dairy Company of Milwaukee in the short time at his disposal. 

The demands for cottage cheese are so different as regards texture, 
firmness, acidity, etc., that no definite procedure can be given to suit 
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all purposes. In a general way the rapidity of cooking and temperature 
reached determines the type of curd. The Gridley Dairy Co. has been 
using a light cream to mix with the curd for retail cottage cheese putting 
the product into glass jars handled in the regular pint milk crate. For 
wholesale purposes to the restaurant, hotel and baker trade etc. a single 
service container similar to a lard can is used and the curd is in most 
cases packed raw. 

The time being late other topics on the program were dispensed 
with. 

Two papers covering topics on the program were received by 
the secretary. J. M. Sherman, Cornell, reported on the “Preser¬ 
vation of Cottage and Cream Cheeses in Vacuo.” 

Cream and cottage cheese after storage for one year at temperatures 
under 50°F. in vacuum sealed jars was still palatable. This method of 
packaging prevents mold and even at room temperatures extends the 
keeping period very pronouncedly. Machinery for packing in this 
fashion is not materially greater in cost than present machines and the 
cost of operation only slightly greater. 

A. C. Dahlberg, Geneva, prepared a paper covering some work 
in progress at the Geneva Station on cream cheese. (See page 
106, this issue.) 

The resolution committee presented an appropriate resolution 
concerning the death of Professor W. A. Stocking, Jr., late of 
Cornell. This was ordered presented to the general session. 

E. S. Guthrie, Ithaca, New York, was selected chairman and 
W. H. E. Reid, Columbia, Missouri was elected secretary. 

Meeting adjourned at 6:00 p.m. 

F. J. Doan, Acting Secretary. 

DAIRY EXTENSION SECTION 

The Extension Section, of the American Dairy Science Asso¬ 
ciation held its annual meeting at 2 p.m. Friday, October the 8th 
at the Book-Cadillac Hotel, Detroit. The meeting was in charge 
of A. J. Cramer, Chairman, Madison,. Wis., A. C. Baker, Vice- 
Chairman, East Lansing, Michigan, and C. R. Gearhart, Secretary, 
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State College, Pa. A brief summary of reports from the five 
various committees follows: 

1. The report of the Milk Campaign Committee was presented 
by Professor W. P. B. Lockwood for Miss Jessie Hoover of the 
Bureau of Dairying, Washington, D. C. 

Milk campaigns have been successfully introduced in several states 
of the Union. Arkansas and Montana are two of the latest states to 
try this. In Hot Springs, Arkansas the consumption of milk per capita 
was one-fourth pint of milk daily before the campaign started. The daily 
consumption was just doubled in nine months. The home demonstra¬ 
tion agent discovered that an increase of from 5 to 16 per cent in the 
weight of children was made in a period of 7 weeks after the amount of 
milk in the diet was doubled. Among the other states doing county 
wide campaigns are Washington and Wisconsin. The results of all 
milk campaign work, both rural and urban, have been highly satisfac¬ 
tory and it is known that the increased consumption of milk has 
greatly improved the health of the children in addition to the weight 
they have gained from it. 

2. The report of the Committee on Feeding was made by C. A. 
Hutton of Tennessee. 

The Dairy Extension men find it a big problem to get dairymen to 
adopt better feeding practices. And the committee men all found that 
the most effective way to get farmers to change their methods in feeding 
is through a Cow Testing Association. Next in favor after this method 
the feeding schools and barn meetings were found most effective. Many 
farmers will more readily ask questions and show more interest on the 
feeding subject if feeding is discussed in the barn rather than at formal 
meetings. It is thought that the briefly outlined feeding leaflets, circu¬ 
lar letters and news letters, and bulletins are more effective than larger 
bulletins. 

3. The Cow Testing Association Committee report was made 
by Mr. A. C. Baltzer of Michigan. 

Now all states are living up to the use of Standard Uniform Cow Test¬ 
ing Association Rules, which were presented by the committee a year 
ago, receiving the approval of the American Daily Science Association. 
It is recommended that the established Cow Testing Association rules 
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be continued. In many states the C. T. A. work has increased with the 
additional help of more dairy specialists in the field. The results of the 
work have shown a marked increase in profitable 300-pound butterfat 
herds. The committee for next year will work on the various methods 
employed in training of testers, getting publicity to the Cow Testing 
Association members and other dairymen and on the testers conferences. 
The committee presented a resolution for adoption by the Extension 
Section, to go to the Committee on Extension Organization and Policy 
of Land Grant Colleges to ask the U. S. D. A. to call a national meet¬ 
ing in Washington, D. C., of all Dairy Extension Specialists early in the 
spring of 1927 to get acquainted with the other workers of Extension 
to learn their problems and get the results of better methods for carrying 
on of our own work. 

4. The report of Bull Associations Committee which is now 
called “Better Sires” Committee was made by Stanley Brownell 
of Pennsylvania for Mr. Geo. Gurbach of Michigan. 

It was recommended that the terms “Grade Cow,” “Proven Sire,” 
and “Bull Association” be defined by a committee. There should be 
a coordination of the Better Sire work with other states. Now, every 
state works independent of other states. The committee recommends 
the Extension Section of the American Dairy Science Association re¬ 
quest that the Bureau of Dairy Industry, U. S. D. A. assist by furnishing 
the necessary field force to coordinate “Better Sires” work between 
states. They also ask that the A. D. S. A. request the Bureau of Dairy 
Industry to use their influence to get data on the number and percent¬ 
ages of purebred sires of the dairy breeds by counties in the various 
states. It was suggested that the registered sires go free from taxation 
while the grade and scrub sires should be taxed to the limit. A workable 
plan for the certification of sires of proven merit may be formulated 
during the next year. 

6. The Calf Club Committee report was made by Nevels 
Pearson of Michigan for T. A. Erickson of Minnesota. 

The committee recommends that the club members’ individual rec¬ 
ords and stories be considered in making awards at fairs. The personal 
effort made by the boy or girl should count in making awards. Most 
states have their club work on a three year basis. This should encourage 
the boy or girl to take a permanent interest in the work. Further sup- 
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port is needed to encourage dairy stock judging contests, showmanship, 
selection of calves and better methods of growing out of calves. The 
Committee recommends the selection of more heifer calves because 
often the bull becomes unruly and hard for the child to manage after the 
first year. The aim of the committee is to develop breeders of good 
purebred stock. The committee is asking for assistance to curb the hi gh 
abnormal prices asked for calves for calf club work. We need the pure¬ 
bred breeders cooperation if the boys and girls are to become successful 
breeders of good dairy stock. 

6. The Dairy Manufacturers Committee did not send a repre¬ 
sentative or hand in a report. 

A motion was passed to the effect that the Program Committee 
arrange that the Production and Extension Sections do not hold 
their meetings at the same hours. 

The Nomination Committee re-appointed the officers of this 
year to serve for the coming year, namely: 

A. J. Cramer, Chairman, Madison, Wisconsin. 

A. C. Baltzer, Vice Chairman, East Lansing, Michigan. 

C. R. Gearhart, Secretary, State College, Pennsylvania. 

(Signed) C. R. Gearhart, Secretary. 

OFFICIAL TESTING SECTION 

The meeting of Section IV, Official Testing Section of the Ameri¬ 
can Dairy Science Association was held Thursday, October 7, 
1926, at the Book-Cadillac Hotel, Detroit, Michigan. 

Meeting was called to order by Chairman C. E. Wylie. 

Minutes of previous meeting were read by secretary W. E. 
Peterson and approved. Mr. M. H. Campbell, chairman of the 
Breeds Relation Committee read report for that committee. 
Report was accepted. The most important phases of this report 
are: 


1. Addition to official test rules that supervisor and milker refrain 
from talking during milking. 

2. Addition to official test rules that “The supervisor shall run 
a blank test on all the sulphuric acid, consisting of 17.6 cc. acid and suffi¬ 
cient water to fill the bottle.” 
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3. A resolution to all breed associations requesting them that the 
revised rules of the American Dairy Science Association, governing 
official testing be published in the different breed association hand¬ 
books. 

Mr. C. T. Conklin, secretary of the Ayrshire Breeders’ Asso¬ 
ciation reported on the Ayrshire Herd Test Plan. He reported 
general satisfaction with the present plan and that it had greatly 
stimulated interest in testing. 

Mr. P. S. Williams of Pennsylvania presented a paper on su¬ 
pervising the Herd Test Plan. 

Dr. C. H. Eckles of Minnesota presented a paper on The His¬ 
tory and Trend of Official Testing. 

Mr. R. T. Harris, of Wisconsin, chairman of the Investigations 
Committee, reported for that committee. The report was adopted 
as read. 

Little work has been undertaken by this committee during the past 
year. 

Darnell of the Texas station reports work still in progress in a study 
involving the effects of feeding cottonseed meal to dairy cows on official 
test. More facilities are to be available another year so this study may 
be continued on a larger scale and valuable results are anticipated. 

Petersen of the Minnesota station reports further on the possibility 
of adulterating ordinary commercial sulphuric add so as to increase 
the reading of the Babcock test in which such acid is used. He has been 
able to secure an add emulsion that is stable and that will increase the 
Babcock reading when used in making the test. An increased reading 
as high as 0.8 per cent is noted. The emulsion is stable and the appear¬ 
ance and action of the treated acid normal. As indicated last year such 
adulteration can be easily detected by running blank tests using water 
instead of milk and completing the test in the usual manner. 

Harris of the Wisconsin station reports on a trial to determine the 
practical application of'a herd test plan adaptable to all breeds and 
reduced to the simplest possible terms. After eighteen months he finds 
that (a) records made are reliable, (b) some low producers are eliminated, 
(c) good sires located, (d) members well satisfied with results and (e) 
test supervisors interested and regard plan with favor. The plan, known 
locally as the Herd Improvement Record, is based upon the standard 
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cow testing association methods and provides for retests, inspections, 
checking for accuracy and permanent filing of records. Certificates 
are issued to herds with average above 300 pounds butterfat in the 
year, but none to individual cows. Offered as a supplement rather than 
a substitute for A. R. work. To date about 50 herds entered with 1000 
cows, including Brown Swiss, Guernsey, Holstein and Jersey breeders. 

Breed representatives were called on for remarks. Lynn Cope¬ 
land responded for the American Jersey Cattle Club, reporting a 
marked increase in testing after the adoption of the one-day test. 

Mr. Harris of Wisconsin reported for Mr. Gardner of the 
Holstein Friesian Association that the one-day test has been 
made optional to breeders doing Class C testing. 

Mr. P. S. Williams, State College Pa., and Mr. J. M. Fuller, 
Durham, N. H., were elected president and secretary respectively. 

Meeting adjourned. 

William E. Petersen, Secretary. 
OFFICERS OF AMERICAN DAIRY SCIENCE ASSOCIATION, 1927 

The mail ballot taken in December, 1926, resulted in the 
election of the following officers: 

President: J. B. Fitch, Manhattan, Kansas 
Vice-President: J. M. Shennan, Ithaca, New York 
Officers of Eastern Division, A. D. S. A.: Chairman, 
J. M. Fuller, Durham, New Hampshire; Secretary, S. H. 
Harvey, College Park, Maryland. 

Officers of Western Division: Chairman, F. W. Atkeson, 
Moscow, Idaho; Secretary, N. C. Jamison, Corvallis, 
Oregon. 

Officers of Southern Division: Chairman, J. S. Moore, 
Agricultural College, Mississippi; Secretary, A. C. Baer, 
Stillwater, Oklahoma. 



Summer Meeting of the American 
Dairy Science Association 

In accordance with the resolution passed at the last meeting of 
the Dairy Science Association, the Executive Committee has 
voted to hold a summer meeting at the Agricultural College, 
East Lansing, Michigan, June 22, 23, 24,1927. 

The tentative plans for the arrangement of the program are 
as follows: 

First Day 

10:30 to 12:00 

1:30 to 4:00 Instruction in Dairy Husbandry 

Program will consist of limited number of papers 
with ample time for discussion. 

Second Day 

9:30 to 12:00 

1:30 to 4:00 Research Program 

Program will consist of a series of short papers 
(limit 10 minutes), each followed by a short 
discussion period. 

Third Day 

9:30 to 12:00 Extension Methods and Results 
1:30 to 4:00 Section 1, Dairy Manufacturers 

Joint meeting Section 1, Production; and Sec¬ 
tion 3, Extension. 

Program to include subjects of special interest 
to sections and any matters of business need¬ 
ing attention. 

No programs will be scheduled for the evenings, leaving op¬ 
portunity for special conferences, social and recreational activities. 

The success of the proposed program depends upon the response 
of the membership. The committee asks every member of the 
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association and especially those haying administrative charge of 
dairy departments of colleges to give the matter of program 
prompt attention. Suggestions are invited regarding the pro¬ 
gram in general. Members desiring to present papers are re¬ 
quested to send title and author at once. Papers presented on 
Research Program may be in the nature of an abstract of a paper 
to be presented for publication later, or may be a report of work 
in progress or completed and not intended for publication; or a 
discussion of plans and methods of research. 

Program Committee 
C. C. Hayden, 

Experiment Station, Wooster, Ohio. 
H. A. Ruehe, 

University of Illinois, Urbana, III. 

C. H. Eckles, Chairman 
University Farm, St. Paul, Minn. 



BOOK REVIEW 


Professor Victor Arthur Rice of the Animal and Dairy Husbandry 
Department, Massachusetts Agricultural College is the author of a 
new text book Breeding and Improvement of Farm Animals, pub¬ 
lished by McGraw Hill Book Company, New York. 

This book covers in a thoroughly scientific and yet practical manner 
such subjects as physical basis of inheritance, sterility, reproductive 
efficiency, genetics, acquired characters, sex determination, grading 
and cross breeding, inbreeding, selection of farm animals and fitting 
for sale. It has been written primarily as a text book for students in 
animal breeding but is also a valuable reference book for the practi¬ 
cal livestock man. 

J. H. F. 

History of Dairying, a history of the dairy industry representing 
over 15 years of research by the author, T. R. Pirtle, is now off the press. 
The volume contains 645 pages, 203 illustrations, and graphs, and 
covers the subject in all countries of the world. 

An interesting feature of the book is the International Chronolog¬ 
ical Index of Events dated from 4000 B.C. when cattle and dairying 
were found in Switzerland, through 1000 A.D. with the first record of 
ground cheese, supposed to be a new process. 

This index contains the main steps in the industry including the 
first cooperative cheese making, in 1380 in the Balkans; record of foot 
and mouth disease in 1700 in France. Pasteurization of milk discovered 
in 1857-1862, in France. The thermometer was first used in dairy work 
in 1870 in Denmark; the cream separator invented in 1878 in Sweden. 
Butter fat testers were made by Dr. Gerber in Switzerland and by 
Dr. Babcock in the United States in 1888 and in 1890, respectively. 

The work is designed to be of interest as a text book for students 
and as a reference to leaders in the industry. 

The book is published by Mojonnier Brothers Company, Chicago. 

J. H. F. 


INTERNATIONAL DAIRY EXHIBIT 

An International exhibition of dairy machinery will be held in 
Berlin, Germany, August 16-20, 1927 in connection with the thirty- 
sixth meeting of the Association of German Dairy Scientists. In¬ 
formation regarding the prizes offered can be secured from Paul Funke, 
Chausseestrasse 8, Berlin N. 4, Germany. 
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A METHOD FOR THE SAPONIFICATION OF BUTTER 
FAT FOR DETERMINING THE REICHERT 
MEISSL NUMBER* 

GEORGE SPITZER and W. F. EPPLE 

Dairy Department, Purdue University Agricultural Experiment 
Station, Lafayette , Indiana 

In this laboratory for the past fifteen years many thousand 
Reichert-Meissl determinations have been made. During this 
period we have used, at different times, one or the other official 
methods. After numerous trials we confined our work to the 
saponification of the fat under pressure with alcohol, preferring 
this method to the other two methods. In spite of its apparent 
simplicity, it frequently happened that the alcohol was not com¬ 
pletely removed, due to the solution and mixture with the soap 
formed during saponification. 

We, therefore, tried to saponify the fat without the use of alco¬ 
hol. After numerous trials we found that by adding concentrated 
solution of potassium hydrate directly to the 5 grams of fat, the 
fat being previously heated to 80° to 100°C., shaking slightly to 
thoroughly mix the fat and potassium hydrate solution. This 
mixture was placed in an electric oven for thirty to forty minutes. 
At the end of this time saponification was complete. The results 
obtained by this method of saponification were checked against 
the three official methods with very consistent results. 

METHOD 

Use a 250-cc. low form Griffin beaker, pyrex glass preferred. 
Balance beaker, place a 5-gram weight on opposite pan and with 
a pipette run into beaker approximately 5 grams of melted butter 
fat, weigh added fat to the third decimal place. 

Place the weighed fat in an oven heated to 100°C. until tem¬ 
perature of fat reaches 80° to 100°C., remove and add 3 cc. of 

* Received for publication January 14, 1927. 
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potassium hydrate solution, 1 by a circular motion mix fat and 
potash solution. After being mixed in this manner incline beaker 
to an angle of 45° and rotate. Some of the mixture will spread on 
side of beaker. Continue this rotation until the mixture thickens 
by cooling. Place beaker in oven at 100°C. and let it remain 
for thirty to forty-five minutes to complete saponification. Place 
beaker in desiccator to cool also to prevent the absorption of 
CO*. 

To transfer the saponified fat to the distilling flask break the 
cake of soap into small pieces by means of a glass rod, transfer the 
broken pieces to flask, the adhering particles on beaker and glass 
rod are removed by means of previously boiled hot distilled water. 
This water must be accurately measured. The total volume 
added should be 130 cc. When soap is dissolved in the distill¬ 
ing flask add 10 cc. of dilute sulphuric acid A. O. A. C. P. 247— 
23 (d), then proceed as directed by the official method, p. 248— 
25,1920. 


ADVANTAGES OF THIS METHOD 

1. Speed in weighing the fat, weighing is made directly by 
pouring the fat into the counterpoised beaker. Variations from 
5 grams need not exceed + or — 0.1 gram. 

2. Rapidity in saponifying the fat and transferring the saponi¬ 
fied fat to the distilling flask. 

3. No foreign substances such as alcohol or glycerine are used, 
either of which may effect the results. 

4. The contamination with CO* is reduced to a minimum. 

l The solution of potassium hydrate is that of the A. O. A, C. method, page 
247-23 (b), 1920, i.e. 100 grams of KOH to 58 cc. of distilled water and protect 
from CO*. 



“SYNTHETIC MILK” AS A BASIS FOR RESEARCH* 

W. MANSFIELD CLARK 

Hygienic Laboratory , Untied Stales Public Health tier rice, Washington, 1). C. 

Some time ago, while attempting to formulate the chief features 
of the acid-base equilibria of cows’ milk, my attention was called 
to two distressing matters of very considerable importance to 
milk chemistry and milk technology. In the first place I found 
in the enormous literature no analysis of milk sufficiently com¬ 
plete and at the same time sufficiently well interpreted for my 
purpose. One of the several deficiencies lay in the interpretation 
of the origins of the phosphate appearing in the ash. Without 
definite and unequivocal knowledge of the distribution of phos¬ 
phorus between the various organic forms and the phosphate 
entering the buffer action of milk, there could be no assurance 
in the treatment of buffer indices. The second matter was the 
lack of adequate information upon the conduct of even simple 
systems in which phosphate, calcium and citrate take part simul¬ 
taneously in acid-base equilibria. Without this the next impor¬ 
tant step for milk chemistry description of the conduct of such 
systems in the presence of milk proteins could not even be guessed. 

The question of the analytical composition of milk has always 
been in some confusion because of the well known variability. 
This has needlessly overshadowed the advantages which could 
be gained from a complete physical and chemical analysis of one 
sample made with due consideration for the sources of error and 
with those types of duplication which would insure reasonable 
completeness for purposes of interpretation. The question of 
the conduct of simple systems involving citrate, phosphate and 
calcium may appear beside the point to one whose attention is 
focused upon the variability in the physical stability of cows’ 
milk, for it may be argued that each milk is, in a sense, a new 
problem, and the study of variants is of more immediate impor- 

* Published by permission of the Surgeon General, United States Public Health 
Service. Received for publication December 27, 1926. 
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tance to milk technology than is so academic a question as the 
conduct of a definite simple system remote from a complete 
milk. With such a point of view I would disagree most vigor¬ 
ously. The very fact of variability, both in chemical composi¬ 
tion and in physical stability, precludes simultaneous studies 
having the completeness that the problem demands. One has 
only to inspect the existing data to Realize that the correlations 
which it has been possible to make with the equipment and 
personnel of one laboratory are very limited, and that there 
lingers about every case the suspicion that undetected changes, 
as the investigator passes from case to case, may vitiate some 
of the sweeping conclusions that have been drawn. 

Now there should be no fundamental difficulty in establishing 
a systematic survey of the citrate-calcium-phosphate equilibria 
mentioned. Much can be done with the combination of analyti¬ 
cal measurements and hydrogen electrode measurements. Much 
more can be done if the calcium electrode can be developed. 
Still more will be done if the limitations in the classic equations 
for acid-base equilibria are recognized and dissociation constants 
and solubility products applicable to the environment of milk 
are determined and used in place of the constants determined for 
dilute and simple solutions. * 

In the meantime, it seems to me that some advances can be 
made with the use of a synthetic milk the gross composition of 
which can be determined by the ingredients used and the physi¬ 
cal properties of which can be determined roughly at least by the 
manner of preparation. 

Synthetic milks have been proposed before, more as curiosities 
than as a serious basis for experimentation. Porcher and Cheval- 
lier (1923) have cited these in their elaborate review of the com¬ 
position of cows’ milk’. The fundamental difficulty with those 
proposed, as with Porcher and Chevallier’s choice of terms in 
which to express the composition of true milk, is the use of specific 
salts which are assumed to exist as such in milk. In the first 
place, there is no justification whatever for neglecting the labile 
equilibria among the ions of the salts mentioned. The specifica¬ 
tion of definite salts gives an entirely erroneous impression. In 
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the second place, the fact of an irreversible shift in equilibria 
on the heat-treatment of milk shows definitely that a stable 
equilibrium in the original milk has not been reached and the 
attempt to duplicate the conditions of milk by the use of salt 
mixtures which will tend toward stabilized equilibrium before 
the final product is formed defeats one of the purposes to which a 
“synthetic” milk can be put. 

Neglecting for the time being the minor constituents of true 
milk and the so-called excretory products found therein, we may 
arbitrarily assume the composition listed in table 1. 

TABLE 1 


Assumed composition of milk 



GRAMS 

PER LITER 

EQUIVALENTS 
PER LITER 

MOLS 

PER LITER 

K,0. 

Na 2 0. 

1 80 

0 72 

0 0382 

0 0232 


CaO... 

1 78 

0 0635 

1 

MgO. 

0 30 

0.0148 

; 

Total. 

0 1397 


P 2 O fi . 

1 50 

0 0211(H 3 PO4) 

0 0104 

Citric. 

2 00 


Cl. 

1 00 


0 0282 

SO*. 

0.11 


0 0014 

Total C0 2 . 


0 0050 

Casein. 

28 0 


Albumin.. 

7.2 



Other protein... 

0.2 







There are innumerable ways in which a system of the composi¬ 
tion cited can be constructed. However, there is at least one 
very definite limitation upon practical ways and means. This 
is the excessively large proportion of calcium which must be 
handled with sulfate, citrate and phosphate. The very low 
solubility products for certain salts of calcium and these ions 
will result in premature precipitation and a final product not 
remotely resembling milk. Therefore, the problem is largely 
one of choosing that combination of salts and of choosing an 
order of mixing the solutions which may be presumed to furnish 
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the desired product. Whether or not this product represents 
the conditions of true milk remains to be seen. But it is the 
possibility of controlled variation in composition and in physical 
state that should make such a product a valuable material of 
research. 

Of several possible schemes the following seems promising. 

In its use the albumin and other proteins not casein were not 
available and were replaced by the equivalent of casein. 


1 

Solution 1 < 

i Mols 

0 0074 

0 0211 
k 0 0104 

MgO 0 298 grams 

KH 2 PO 4 0 873 grams 

Citric acid. H 2 0 2 185 grams 

] Dissolve with 

> warming and 
) dilute to 100 cc. 

Solution 2 i 

f 0 0014 
{ 0 0014 

CaCOs 

H 2 SO 4 

0 140 grama 1 
28 cc. n/10 HjSOi j 

1 Dissolve cold. Di- 
>■ lute to50cc. and 
' use while fresh 

Solution 3 

0 0141 

CaCl 2 

1 565 grams or preferably the equivalent of 
an analyzed solution. Dilute to 50 cc. 

Solution 4 | 

' 0 0171 

0 0232 

KOH 

NaOH 

17 1 cc. n/1 KOH 1 

23 2 cc. n/1 NaOH j 

► Dilute to 50 cc. 

Solution 5 (for 200 cc. “synthetic milk” in which casein represents total 
protein) * 

10 0gntmalactom } i »“»- 


To prepare a lime-water as strong as n /20, thoroughly saturate 
the solution while it is cooled with surrounding ice. Add this 
slowly to the casein while the casein is being ground in a deep 
glass mortar. Finally stir with a motor-driven stirrer. 

Add 10 cc. of solution 4. When the solution is free from sus¬ 
pended material add 10 grams lactose. As soon as this is dis¬ 
solved add at once lOcc. of solution 3 and 10 cc. of solution 2. 
Now set the motor at high speed and to the rapidly stirring solu¬ 
tion add very slowly from the fine tip of a pipette 20 cc. of solution 
1. When this addition is complete dilute the “milk” to 200 cc. 

“Milks” prepared in this manner have the appearance of a 
very “blue” skim milk. 

A sample in which the KOH-NaOH mixture was replaced by 
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NaOH and in which the casein employed was an unanalyzed 
sample of Harris casein “Nach Hammarsten” yielded the follow¬ 
ing data. 

It was stable in the sense that no settling of the solid phase 
occurred when centrifuged one-half hour at 2500 r.p.m. in a 
large centrifuge (constants of centrifuge not determined). When 
sterilized by heat in a sealed tube a slight precipitation was 
observed after eight months. Analysis for N showed only 3 
per cent casein indicating a high moisture content in the original 



Fig. 1 


casein and some little loss by adherence to the walls of the prep¬ 
aration vessel of a few grains of the coarse preparation. Total 
solids by customary procedure 8.44 per cent—representative 
value for solids not fat in real milk, is about 9. Ash by customary 
procedure 0.65—representative value for real milk 0.7. By 
reason of the absence of the minor constituents of milk the sample 
should show not only appreciably lower percentage composition 
but also an appreciably higher melting point. Two samples 
gave —0.521°C. as compared with —0.55°C. for true milk. 
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This synthetic milk formed rapidly with rennet a typical curd. 

Heating to boiling temperature in a test tube produced a 
more markedly milky appearance. The rennet action was then 
delayed. 

No effort was made to equilibrate the solution with respect 
to normal C0 2 content. This can be done subsequent to the 
preparation. Measured as prepared and with a hydrogen elec¬ 
trode at 30°C. it gave an initial pH of 6.66. A representative 
value for milk is 6.6 ±0.1. 

The titration curve is shown in figure 1 by the dotted line. 
The good agreement between this titration curve and the titra¬ 
tion curve of a real milk shown in figure 1 by full curve should 
not deceive the reader. In neither case are details of composition 
accurately known. Therefore it is only the gross aspects of the 
agreement which are worthy of present discussion. 

Regarding the titration curve of true milk shown in figure 1 


as typical, we find by graphic methods 
dB 


dB 


0.0186 at pH 6.6 


and 


= 0.0242 at pH 6.0. 


dpH 

Practically the same values 


dpH 

apply to the "synthetic milk.” 

The "synthetic milk” described above should provide a ma¬ 
terial with which systematic studies can proceed. It is necessary, 
however, to give this warning. It will probably be found that 
the inclusion and the omission of the protein will furnish two 
radically different buffer values for the other components accord¬ 
ing to whether hydrogen electrode measurements are made on 
the system at equilibrium or before sufficient time for true equi¬ 
librium has elapsed. Compare, for instance, the curves for 
phosphate-Ca systems as described on the one hand by Davis, 
Oakes and Salisbury (1923) and, on the other hand, by Holt, 
LaMer and Chown (1925). The proteins must be regarded as 
not only contributing to the acid-base equilibria directly but as 
conditioning the state of solid phases. The latter effect will 
probably have to be duplicated by non-electrolytic colloids when 
the ionizable proteins are withdrawn. 

The order in which components are mixed and the rate of 
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mixing will doubtless be found to influence the colloidal state 
of the product. In this connection it may be said that it seems 
highly improbable that certain of the dispersed but undoubtedly 
solid phases in which certain of the salts occur could be secreted 
as such by the mammary gland. Therefore, it is not too much 
to suggest that ingenious modifications of the rather crude scheme 
outlined above might lead to knowledge of components which it 
would be possible for the gland to secrete independently. 

Of immediate importance is the use of such a controlled 
product in solving quantitatively the problem of the state of 
calcium and phosphate in milk. This is a matter of considerable 
importance not only to the technology of milk but to public 
health. We are informed that a very large proportion of our 
people show, in bone structure, evidences of incipient rickets and 
that the margin of safety in the assimilation of calcium and phos¬ 
phate is extremely narrow. Improvement in the modification of 
cows’ milk for infant feeding can hardly proceed with intelligence 
until the problem mentioned above is solved and solved in the 
exact and quantitative language of equilibrium data. 
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THE ROLE OF GELATIN IN ICE CREAM* 


G. D. TURNBOW and F. W. MILNERf 
University of California , Davis , California 

The writers assume in this paper that a certain amount of 
viscosity is desirable. If it is desirable, what ingredient or 
group of ingredients is responsible for the viscosity as determined 
by the MacMichael Viscosimeter? Dahlberg of the New York 
Experiment Station, and others as well as this station, found 
that butterfat exerted some influence upon the viscosity of the 
mix. The milk-solids-not-fat exert more influence than does 
the butterfat but none of the dairy products exert the influence 
upon viscosity that does gelatin. As an illustration an ice cream 
mix containing no gelatin had an initial viscosity of 64.9 centi- 
poises upon cooling to 20°C. Five-tenths per cent gelatin was 
added to part of the same mix and immediately cooled to 20°C. 
and the initial viscosity was 237 centipoises. An ice cream mix 
containing no gelatin will increase its viscosity. It is not un¬ 
usual to obtain an increase of 500 per cent or greater in apparent 
viscosity due to the addition of gelatin. 

Since gelatin seems to be the most important ingredient in 
obtaining viscosity, it will be the purpose of this paper to discuss 
the partial r61e of gelatin in an ice cream mix. 

Gelatin is a protein and may be defined as the most typical 
of reversible colloids. Due to its chemical and physical proper¬ 
ties, it is an excellent stabilizer of emulsions. The importance 
of stabilizing an ice cream mix is recognized, and it is being 
given a great deal of-consideration. 

There are two types of viscosity in an ice cream mix. One 
may be defined as real viscosity which is found in all solutions 
of crystalloids and colloids alike which have no connection with 
colloidal behavior. The other may be called apparent viscosity 

* Received for publication June 1, 1926. 

t Some of the data for this article were taken from the work of Mr. Milner pre¬ 
sented as partial fulfillment of the requirements for his M.S. degree. 
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which is viscosity due to the swelling of submicroscopic solid 
particles in a solution. The apparent or colloidal viscosity has a 
greater order of magnitude than real viscosity. 

The difference in the magnitude of casein and gelatin is due 
(1) to the fact that the gelatin possesses greater mechanism for 
increasing its relative volume in solution. The submicroscopic 
particles of gelatin or micellae occlude large amounts of water 
whereby the relative volume occupied by the gelatin is increased, 
these microscopic particles being the forerunner of a continuous 
gel to which the gelatin solution has a tendency to set. 
j#v There undoubtedly is a colloidal structure built up in an ice 
cream mix which has varying degrees of stability. This fact is 
borne out by Bogue (2) and others. 


TABLE 1 

Effect of quality of gelatin on viscosity 
Number 30 certified wire 


NUMBER 

VISCOSITY (POISES) 

Twenty-four hours 

Forty-eight hours 

1 

2.60 

9 36 

2 

9 36 

15 08 

3 

13 52 

26 00 

4 

28 60 

Set* 


* Too heavy to run. 


The viscosity of a crystalloid solution is dependent only upon 
concentrations and temperature while in the case of colloidal 
viscosity we have quality, concentration, temperature, time and 
agitation. In the case of an ice cream mix the concentration 
is largely dependent upon the quality of the gelatin used. 

Bogue states that the gel consistency is proportional to the 
undergrade protein present in the gelatin. 

The quality of the gelatin has much to do with the viscos¬ 
ity (3) as shown by table 1. 

The gelatins used above represented four grades and had a 
large range of gel strength from poor to excellent. The com¬ 
position of the mixes in all cases was the same—11.00 fat and 
36.84 total solids, 0.5 per cent gelatin in all four mixes. 
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Hatchesk states that the formation of a gel structure will vary 
with the brand and grade of gelatin. Less than 0.25 per cent 
will not set even at 0°C. 

EFFECT OF AMOUNT OF GELATIN ON VISCOSITY 

Our work on gelatin concentration bears out the work of 
Downey and others in proving that with each increase in amount 
of gelatin there was an increase in viscosity. The increase in 
viscosity was not nearly so great in smaller quantities (less than 
0.4 per cent) as above. However, this depends largely upon 
the grade of gelatin used. (See table 2.) 


TABLE 2 

Effect of varying amounts of gelatin 
34 wire 


TIME AGED 

AMOUNT OF GELATIN 

VISCOSITY CENTIFOISE 

hours 

per cent 


24 

0.2 

64 6 

24 

0.3 

102 

24 

0.4 

42S 

24 

0.5 

1224 

24 

0.6 

2892 


This particular mix contained 10.78 per cent fat, 36.79 per 
cent total solids, to which gelatin was added in varying amounts 
(0.2 to 0.6 per cent). 

The gelatin used in this mix was one of the better grades of 
gelatin. 

The temperature of the mix during the aging period is important 
if the maximum amount of viscosity (all other factors"being 
constant) is to remain in the finished ice cream. The colloidal 
structure derived from gelatin is very unstable under certain 
conditions. Von Schraeder (8) points out that the viscosity of 
a gelatin solution increases 0.1 per cent in sixty minutes, while 
by lowering the temperature to 24°C. there is an increase in 
sixty minutes of 1.5 per cent, and at 21°C. there is a 750 per cent 
increase in sixty minutes. As the temperature decreases the 
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threads lengthen and at the same time the water adsorbing power 
increases. This accounts for the rapid increase in viscosity with 
decreased temperature. 

The increase in rigidity of the gelatin structure will depend 
upon the amount of the free solvent in the interfaces and the 
amount of solvent that has been taken up in the hydrated and 
imbibed condition. 

The time required to age a mix properly is not the same for 
all mixes. If a poor grade of gelatin is used more time must be 
allowed for the gelatin to hydrate and the viscosity to develop 
than with a good grade of gelatin. 

If viscosity is such an important factor and gelatin is the most 
important factor in obtaining viscosity, what, then, are some of 
the characteristics of gelatin that tend to stabilize viscosity? 

Some authorities state that a good gelatin should make up a 
clear solution. Our study of gelatin does not indicate that color 
bears any great definite relation to jell strength, solubility, rate 
of setting or odor. 

We find gelatins on the market varying in pH that make up 
clear solutions in water and by changing their pH they become 
turbid upon approaching the isoelectric point. We may take 
a turbid gelatin and make it clear by a change in pH away from 
the isoelectric point. By altering the pH away from the iso¬ 
electric point, we weaken the gel strength and viscosity. This 
is accounted for by Bogue (7) who states "That the greatest 
opacity results from large aggregates of less swollen particles. 
This maximum of opacity occurs at the isoelectric point. Any 
decrease in size of the aggregates or increase in hydration results 
in greater clarity or transparency of the solution.” 

This means that almost any gelatin may be made clear or 
turbid by altering its pH away from or toward its isoelectric 
point. 

Table 3 illustrates the effect of the pH on the clarity of the 
gelatin solution. 

We have found at least one exception which was undoubtedly 
due to the partial removal of the turbidity by the process of 
manufacture which does not necessarily improve the quality of 
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the gelatin for the manufacture of ice cream, though it does 
improve its general appearance in a water solution which is the 
way we have come to know gelatins. 

The gel strength is influenced markedly by the pH of the 
gelatin as shown by the inversion test. Bogue (9) points out 
that the maximum gel consistency is at the pH of 4.0 to 4.5. 
In our work we used 1.5 per cent gelatin in water solution. The 
writers found that the gel consistency increased as the gelatin 
solution approached the isoelectric point. A weak gelatin may 
be strengthened if it has, for illustration, a pH of 7.0 or 3.0 by 
changing it to approximately 4.7. This does not mean that it 
would be possible to take a poor grade gelatin and by changing 


TABLE 3 

Effect of the pH on the clarity of the gelatin solution 


SAMPLE NUMBER 

pH 

COLOR 

1 

7.0 

Clear 

1 

4.7 

Turbid 

1 

3.0 

Clear 

4 

5.3 

Turbid (slightly) 

4 

4 7 

Turbid 

4 

3.0 

Clear 

2 

,6.6 1 

Clear 

2 

4.7 

Turbid 

2 

3 0 

Clear 


the pH make a high grade gel, although it may be improved 
somewhat. The odor of gelatin in water solution warmed to 
approximately 140° to 160°F. will indicate somewhat the grade. 

Some gelatins were found to be apparently free of liquefying 
and putrefactive organisms but the pH was so high that they 
would not grow, and h,y changing the pH to approximately that 
of an ice cream mix these same gelatins showed the presence of 
large numbers. Some gelatins are sold to the trade with a pH 
so that those undesirable types would develop upon incubation 
in a water solution, while others would not. 

Since the strongest gel is obtained when the gel is at a pH of 
approximately 4.7 and an ice cream mix under factory conditions 





b6le of gelatin in ice cream 


207 


is approximately 6.30 (we realize that this figure varies slightly, 
depending upon source and quality of products used) the ques¬ 
tion arises whether the large reservoir of salts in the mix is 
sufficient to change the pH of the gelatin without materially 
changing the pH of the ice cream mix. If this is so, then gelatin 
should be purchased upon a little different basis than in the past. 


TABLE 4 

Effect of pH of gelatin vpon pH of mix 


MIX NUMBBB 

BAMPLF 

pH OF GELATIN 

pH or mix 

A 

1 

7 6 

6 27 

A 

2 

3 8 

6 23 

A 

3 

3 8 

6 17 

A 

4 

4 0 

6 18 

A 

5 

No gelatin 

6 24 

B 

6 

4 7 

6.42 

B 

7 

3 0 

6 21 

B 

8 

6 3 

6 25 

B 

9 

8 0 

6 30 

B 

10 

No gelatin 

6 31 

C 

11 

4 2 

6 33 

C 

12 

7 0 

6 37 

C 

13 

3 8 

6.23 

C 

14 

5 8 

6 26 

c I 

15 

No gelatin 

6 30 

D 

16 

3 8 

6 27 

D 

17 

7 0 

6 33 

D 

18 

4 0 

6.26 

D 

10 

7 6 

6 28 

D 

20 

No gelatin 

6 29 


As would be expected, the usual range in the pH value of 
gelatin affects but little the pH of an ice cream mix. The effect, 
if any, is of no commercial importance. 

By referring to table 4, we conclude that the gelatin, regard¬ 
less of its pH, changes to that of the ice cream mix. Undoubt¬ 
edly there would be present in the average ice cream mix sufficient 
salts to change the pH of the gelatin to that of the mix. In 
table 4, each mix was divided into five parts and 0.5 per cent 
gelatin added with varying pH values to four of them, and to 
the fifth, no gelatin was added. All of the above readings repre- 
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sent four or more pH determinations. The variations in a mix 
with different gelatins, while excessive in some types of solutions, 
are not considered excessive by the authors, due to the complexity 
of an ice cream mix. 

The pH determinations were made by use of the Type “K” 
Potentiometer using a Clark cell, the sample being bathed with 
a flow of hydrogen generated by hydrolysis. Uniform technique 
was followed in all samples. The pH of gelatins can easily and 
accurately be determined by the colorimetric method as de¬ 
scribed by Brown (4). 

Many authorities are of the opinion that good gelatin aids in 
preventing the formation of ice crystals. It has been the writers’ 
observation that the gold number is of little value in the evalua¬ 
tion of the quality of gelatin. It has been our experience that 
ice cream containing no gelatin has a greater tendency to form 
ice crystals. The concentration and quality of the gelatin has 
much to do with this phenomena. It was partially explained 
by Menz (5) when he showed that the protective action of gelatin 
is increased as the concentration is decreased. The work of 
Menz was corroborated by Elliott and Sheppard (6). Their 
conclusions were that the protective action is dependent upon 
the concentration of amicrous present in the solution. 

SUMMARY 

1. Gelatin seems to be the most important ingredient in ob¬ 
taining viscosity as determined by the MacMichael. 

2. Two types of viscosities are present in an ice cream mix 
which may be defined as real and apparent. The latter is very 
unstable under certain conditions. 

3. The quality of gelatin is largely responsible for the amount 
of viscosity that may. develop during aging. 

4. The color of the gelatin and water solution does not neces¬ 
sarily indicate the quality of the gelatin. 

5. The gel strength of the gelatin is influenced markedly by 
the pH. 

6. Regardless of the initial pH of the gelatin, it assumes the 
pH of the ice cream mix probably due to the reservoir of salts 
and the small quantity of gelatin added (0.3 of 0.5 of 1 per cent). 
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STUDIES ON YEASTS IN DAIRY PRODUCTS 
III. THE PINK YEASTS COMMON IN MILK AND CREAM' 


W. A. CORDES and B. W. HAMMER 
Department of Dairying, Iowa State College, Ames, Iowa 

INTRODUCTION 

The yeasts forming pink colonies are very conspicuous among 
the organisms isolated from dairy products. While there is 
considerable variation in the color produced, this does not ordi¬ 
narily extend to the point of questionable color production; 
occasionally a subsurface colony or even a young surface colony 
on certain media may fail to show a definite pink color, especially 
on heavily seeded plates, but usually color is produced in such 
amounts that it is readily recognized whether the colony develops 
on a plate or on some dairy product. Except for the pink yeasts, 
color production among the yeasts present in dairy products is 
unusual; in the examination of many hundreds of plates poured 
from dairy products for the isolation of yeasts, colonies producing 
pronounced colors other than pink have been encountered only a 
very few times. 

A study was made of a considerable number of pink yeasts 
isolated from dairy products and the results are herein reported. 
From the data it appears that there is a common type but that 
certain cultures show variations from this; accordingly the group 
is divided into types and each characterized. 

DISTRIBUTION OP. THE PINK YEASTS IN DAIRY PRODUCTS 

The pink yeasts have been repeatedly isolated at the Iowa Agri¬ 
cultural Experiment Station from a wide variety of dairy prod¬ 
ucts. Sweet cream coming in from the college cream routes or 
delivered by farmers often contains a few hundred and occa- 

* Received for publication June 9,1926. 

210 



STUDIES ON YEASTS IN DAIRY PRODUCTS 


211 


sionally a few thousand per cubic centimeter. Sour cream nearly 
always contains these organisms and sometimes they are present 
in considerable numbers. Like many of the other yeasts, the 
pink forms are capable of withstanding considerable amounts of 
acid and accordingly they sometimes appear on the surface of 
sour milk or cream or on soft cheese as distinct colonies that are 
usually round, smooth-edged and considerably raised. In some 
instances they occur singly or at least in small numbers while in 
others there may be a considerable number of colonies irregularly 
arranged or in a very distinct row or series of rows; the rows of 
colonies are undoubtedly due to a breaking up of a clump in 
quite the way a row of colonies occurs in an agar plate or, in the 
case of soft cheese, to contamination from a paddle used in 
handling the product. 

Although pink yeasts have been repeatedly isolated from butter, 
colonies have never been observed on this product. The pink 
yeasts are undoubtedly present in butter because of their dis¬ 
tribution about the creameries and their ability to withstand an 
unfavorable environment. While it is possible that they might 
be capable of forming colonies in butter under certain conditions 
these are apparently not usually provided. 

GENERAL CHARACTERS OF THE PINK YEASTS 

The pink yeasts isolated from dairy products have certain 
characteristics aside from the color produced in colonies on plates 
or other materials. 

Changes are produced in milk rather slowly even in the presence 
of large amounts of growth as evidenced by the mass of pink color 
in a ring at the surface of the milk and in the sediment at the 
bottom. The production of a large amount of growth with com¬ 
paratively little change in the milk in which this growth occurs is 
rather usual among the yeasts found in dairy products and is well 
illustrated by the pink type. After a considerable time milk in 
which the pink yeasts are growing coagulates and accompanying 
this there is more or less reduction of the litmus, particularly at 
the bottom of the tubes, while the color remaining indicates that 
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the reaction tends toward alkaline; certain cultures then digest 
the milk, and this digestion may eventually be very complete. 

The temperature requirements of the pink yeasts are also of 
interest. These organisms in general do better at 21°C. than they 
do at 37°C., and some fail to grow at all at the latter temperature. 
Other groups of yeasts also seem to have their growth seriously 
interfered with at temperatures that are unusually favorable for 
many types of bacteria so that this relationship is not characteris¬ 
tic of the pink yeasts alone. 

The colonies produced are usually approximately round on 
the surface of the plating medium and round or elliptical beneath 
the surface. Both the surface and subsurface colonies are quite 
smooth-edged and in the subsurface colonies there is no develop¬ 
ment of fingers or mycelium-like structures that project out into 
the medium and suggest mold colonies as is the case with many 
yeasts that give a typical yeast-like surface growth. Sometimes 
in old plates some of the colonies develop fissures from which 
cells grow out and form a structure suggesting a new colony, but 
this secondary growth is again smooth-edged; the breaks in the 
edge of the old colonies are more likely to occur in subsurface 
colonies than in surface colonies and are most frequent along the 
sides of elliptical colonies. 

CULTURES STUDIED 

Approximately 90 cultures of pink yeasts were studied in more 
or less detail. These were largely secured from milk, cream, soft 
cheese and butter obtained in the vicinity of Ames; many of the 
cultures were picked from plates poured for the purpose of total 
yeast and mold counts. For the most part only one culture was 
selected from a plate so that the cultures studied came from a 
considerable number of samples of various materials. A transfer 
of a culture isolated from oysters by Hunter 1 was supplied by Dr. 
Thom and included in the cultures investigated. 

1 A pink yeast causing spoilage in oysters. U. S. Dept. Agr. Bui. 819, March, 
1020. 
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VARIATIONS IN THE CULTURES STUDIED 

A very large per cent of the pink yeasts studied very evidently 
belong to the same species which is referred to as the common 
type. Variations in the intensity of the color produced, in the 
rate of growth at different temperatures, etc. were noted among 
these cultures, as would be anticipated, but undoubtedly these 
simply represent variations within the species and are of little 
significance from the standpoint of classification except to help 
establish the variations to be expected. However more pro¬ 
nounced variations which follow through several characters were 
also noted with a few cultures. Two groups of these pronounced 
variations were encountered and the organisms showing them 
were considered to constitute two types distinct from the common 
type; these variations are given in detail following the description 
of the common type of pink yeast. 

DESIGNATION OF THE COMMON PINK YEAST 

The common type of pink yeast studied apparently resembles 
very closely the organism referred to as Torula glutinis or Crypto¬ 
coccus glutinis. However, Guilliermond 2 has pointed out that, 
“Torula glutinis does not possess a very characteristic appearance 
and a series of related yeasts have been described under this 
name”; a consideration of the literature shows that this statement 
is amply justified. Golden and Ferris 3 in discussing T. glutinis 
state that, “An error seems to have crept into the description of 
this species in regard to its size, the other characters being prac¬ 
tically the same in all the descriptions.” 

It should perhaps be recognized that in the determination of 
certain characters there are likely to be discrepancies in the results 
reported by different laboratories due to variations in the methods 
even when the same cultures are used and it is possible that these 
variations would be even greater if different cultures of what 
should be considered as the same species were employed. The 
pink yeasts, although giving a rapid growth, bring about few 

* The Yeasts. Translation by Tanner, p. 318. 

1 Red Yeasts. Bot. Gaz., 1898, xxv, p. 45. 
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bio-chemical changes and these only very slowly, so that the 
period over which the observations are continued may be an im¬ 
portant point. Hunter reported, “No coagulation nor peptoniza¬ 
tion” of litmus milk for the yeast he isolated from oysters, 
while the culture from Hunter’s isolations that was included with 
those discussed herein gave, after a rather long period, both coagu¬ 
lation and digestion. 

It seems advisable to consider the common yeast that was 
found in dairy products examined as Torula glutinis and to 
depend on the use of this name and additional investigations of 
the pink yeasts to develop a definite meaning and significance 
for it. 

DESCRIPTION OF THE COMMON PINK YEAST—TORULA GLUTINIS 

Morphology 

Form. The cells were oval. Although spherical appearing cells 
were frequently noted these were presumed to be oval cells seen from 
an end. Elongated, thread-like cells were not observed, even in sub¬ 
surface colonies. 

Size. The cells varied greatly in size with the length usually ranging 
from 2.5 to 4.0 microns and the width from 1.5 to 2.5 microns. 

Arrangement. Most of the'cells were single, although budding was 
common. Buds were most numerous in young cultures but were also 
observed in cultures several weeks old. Only one bud was found 
attached to each mother cell and this always appeared at the smaller 
end. It was unusual to find cells attached unless one was somewhat 
smaller than the other. 

Staining reaction. The cells stained readily. Most of the cells in 
young cultures from both liquid and solid media were gram positive 
while a few were gram negative. Older cultures showed a greater pro¬ 
portion of the cells gram negative. 

Spore formation. Spore formation was never observed. 

Cultural characteristics 

Whey agar slope. At room temperature growth was quite rapid; 
it was usually distinct in twenty-four hours and increased rapidly for 
several days. The growth was pink, filiform, raised, glistening, and non- 
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viscous. Certain variations occurred in the rate of growth and in the 
intensity of the color produced. 

Beef infusion agar slope. Growth was quite like that on whey agar 
in both character and amount. 

Beef extract agar slope. Growth was quite like that on whey agar in 
both character and amount. 

Whey agar stab. At room temperature growth, after twenty-four 
hours, was distinct, especially at the surface, and increased rapidly. 
The surface growth was pink, raised, smooth-edged, glistening and non- 
viscous. Along the stab the growth decreased rapidly from the surface 
and was filiform in character, with the color less pronounced than at 
the surface. 

Whey agar plate colony. At room temperature colonies were fre¬ 
quently evident after twenty-four hours while after forty-eight hours 
the surface colonies were often up to 1 mm. in diameter and the sur- 
surface colonies about one-third of this. Growth continued rather 
rapidly. The surface colonies eventually became several millimeters in 
diameter and were round, pink, considerably raised, smooth-edged, 
glistening and non-viscous, while the subsurface colonies were round to 
ellipsoid, somewhat pink, and smooth-edged. No filaments or thread¬ 
like structures were observed. 

Whey gelatin stab. Growth was essentially like that in a whey agar 
stab, with no evidence of liquefaction even after several weeks. 

Bouillons. Plain bouillon and bouillons to which additions had been 
made showed a turbidity and frequently some pink sediment after 
twenty-four hours at room temperature. Growth increased and a heavy 
pink ring was often formed at the surface. Eventually the turbidity 
cleared. Certain sugars, particularly the monoses, seemed to favor 
growth to a certain extent. 

Potato. At room temperature growth was evident after twenty-four 
hours and increased rapidly; it was raised, smooth-edged and decidedly 
pink. In very old cultures in which the potato had dried up the color 
seemed to be brown rather than pink. 

Dunham’s solution. Growth was evident as a fine turbidity after 
twenty-four hours at room temperature. As the growth continued a 
fine sediment developed and as this increased it became quite pink. 
The turbidity eventually cleared. Frequently there was a tendency to 
an increased growth at the surface but no distinct ring or pellicle formed. 

Uschinsky’s solution. Growth was comparatively slow but was evi¬ 
dent as a distinct sediment after three days at room temperature. The 
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sediment increased in amount as the cultures aged and became pink in 
color. 

Litmus milk. At room temperature growth was evident in two or 
three days as a pink sediment and a beginning ring at the surfaoe, the 
ring often appearing rather granular. A slight reduction of the litmus 
at the bottom of the tube was sometimes observed. As the cultures 
aged the ring and sediment increased in amount. Eventually the milk 
coagulated but this usually required several weeks; the coagulation 
commonly began at the bottom. Most of the coagulated cultures 
showed considerable reduction in the lower portion of the tubes with 
a pronounced blue color at the surface. 

Soured milk. Growth was rapid on the surface of soured milk at room 
temperature. The growth either in stabs or on slopes resembled the 
growth on whey agar in character and amount. 

Bio-chemical features 

Gas 'production. Gas was never observed either in milk or in bouillons 
to which various additions had been made. 

Oxygen relation. The general character of the growth in various cul¬ 
tures indicated the preference of the organism for an abundant air 
supply. 

Reaction change. The organisms apparently produced changes in 
reaction only slowly. Milk became alkaline after considerable periods. 
Neutral bouillons to which mannitol, salicin or inulin had been added, 
were alkaline after seven days at room temperature. Bouillons with 
glucose or levulose gave acidities from 0.4 to 0.9 per cent n/1 acid while 
bouillons with galactose, maltose, sucrose or lactose showed still lower 
acidities. 


ADDITIONAL TYPES OP PINK YEASTS 

The types of pink yeasts which show pronounced variations 
that follow through several characters are as follows: 

Type A. Torula rubicunda, Several cultures of this type were 
secured from a number of different sources. The first culture was 
obtained from a sample of well water. The culture isolated by Hunter 
was also grouped here. Later a number of cultures isolated in a dairy 
bam were included. The variations distinguishing this type from the 
common type are: 
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1. The pink color produced was very intense. This was true with 
all the different media used and involved both the surface growth on 
solid media and the sediment in liquid media. 

2. The cells were larger than those of the cultures of the common 
type, and this greater size occurred with various media. The width of 
the cells usually varied from 2.0 to 3.3 microns and the length from 2.5 
to 6.0 microns. 

3. In very old milk cultures there was commonly a digestion of the 
casein. This digestion never appeared until the cultures were several 
weeks old and sometimes it failed to appear at all, due possibly to the 
drying up of the milk. Digestion was never noted in the cultures of 
T. glutinis. 

Type B. Torula paraglutinis. Only two cultures of this type were 
found and these came from the same sample of cream. The variations 
distinguishing this type from the common type are: 

1. With all the different media used growth was quite slow. On 
whey agar at room temperature about three days were required for the 
colonies to be evident while with the usual cultures colonies were evident 
in one day and in three days were often up to 2 mm. in diameter. 

2. In liquid media the growth was more flocculent than turbid, while 
turbidity was common with T. glutinis in liquid media. 

3. With all media the color tended to be slight, and with certain sedi¬ 
ments developed in liquid media the pink color was so slight as to be 
scarcely detectable. 

4. On agars the growth tended to be viscous. 

5. At 30°C. growth was negative or questionable. With the usual 
cultures growth was very rapid at this temperature. 

DESIGNATION OP THE PINK YEASTS SHOWING VARIATIONS FROM 

THE COMMON TYPE 

Although Type A and Type B show many of the general 
characters of the common type of pink yeasts they seem to con¬ 
stitute distinct species for which descriptions could not be found 
in the literature. With both of these types the number of cul¬ 
tures studied is too small to make possible a description that 
shows the variations to be expected but because of their relation¬ 
ship to the common type of pink yeast it seemed advisable to 
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designate them tentatively. The name Torula rubicunda is 
accordingly proposed for Type A and Torula paraglutinis for 
Type B. 


SUMMARY 

Approximately 90 cultures of pink yeasts were isolated and 
studied in more or less detail. These came largely from milk, 
cream, soft cheese and butter obtained in the vicinity of Ames. 
It was found that most of the cultures belonged to a common type, 
which is considered to be Torula glutinis, although it is smaller 
than the dimensions given in most of the descriptions of this 
organism. Two other types were encountered in small numbers 
and named Torula rubicunda and Torula paraglutinis to make 
possible their distinction from the common type. A description 
of Torula glutinis is given together with a list of the variations 
from this type shown by Torula rubicunda and by Torula 
paraglutinis. 



SEPARATION OF CANE SUGAR FROM WATER ICE* 

ALAN LEIGHTON 

Research Laboratories , Bureau of Dairy Industry , United States Department of 
Agriculture , Washington , D. C. 

Makers of ice-cream products occasionally find a water ice in 
which the cane sugar has crystallized, making the product hard, 
chalky in appearance, and unpalatable. The researches de¬ 
scribed in this paper may help those who have experienced such 
a difficulty, since the conditions governing the crystallization of 
sucrose from frozen solutions have been established with con¬ 
siderable exactness. 

In considering this problem, the solubility, temperature, and 
freezing-point relationships of cane-sugar solutions of varying 
concentrations should be established if possible. Those tempera¬ 
tures incident to normal ice cream work are, of course, of primary 
interest. 

Upon the cooling of an unsaturated dilute solution to the proper 
point, ice separates from it. This separation concentrates the 
sugar in the unfrozen part, and as the temperature lowers this 
concentration increases. By plotting temperatures and concen¬ 
trations incident to these temperatures, the freezing-point curve 
is obtained. Similarly, if a highly concentrated solution is 
cooled, its saturation point is reached, after which, under suit¬ 
able conditions, sugar crystals are thrown out of solution. This 
process lessens the concentration of the sugar in the water, and 
increasingly lower temperatures are necessary to force out further 
crystals. These data, plotted in a manner similar to the freez¬ 
ing point data, yield the solubility curve. These curves approach 
each other, and at their point of coincidence is found a solution 
saturated to sugar and in equilibrium with ice. Under ideal 
conditions further abstraction of heat from this mass does not 
lower the temperature but brings about the separation of both 
sugar and ice until the mass has become solid, after which the 
temperature is of course lowered with further removal of heat. 

* Received for publication June 1,1926 
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This point of complete solidification is known as the eutectic 
point. It is at once evident that if a sugar solution is frozen of a 
concentration less than that represented by the eutectic, sugar can 
not be separated from it until this eutectic temperature is reached, 
because the solution will not until then become saturated with 
sugar. This means, then, that if water ice is not brought to a 
temperature lower than the eutectic for cane sugar, the sugar can 
not separate. In other words, if the ice is not stored at too low a 
temperature this difficulty can not be experienced. The purpose 
of the work outlined in this paper is to determine the eutectic 
temperatures for cane sugar. 

Guthrie (1) in a paper published about 30 years ago states that 
this eutectic temperature is about — 8.5°C. (16.7°F.). He also 
gives some data on the freezing points of different sugar solutions. 
Pickering (2) has also given some freezing-point data. Certain 
difficulties are encountered in determining the freezing points of 
the highly viscous cane-sugar solutions; and since the measure¬ 
ments recorded in these papers were made before the develop¬ 
ment of accurate methods, Mr. P. N. Peter of these laboratories 
has redetermined the position of this curve. His data are plotted. 
There is a very fair agreement among the data of the three men. 

A similar survey of the work published on cane-sugar solubility 
failed to disclose any measurements carried out at the lower tem¬ 
peratures. Such measurements also offer considerable difficulty 
owing to the high viscosity of these concentrated solutions, with 
the resultant tendency to supercooling, and especially with the 
remarkable tendency of cane sugar to resist crystallization. 

Work is in progress to determine definitely the solubility of 
cane sugar in water at the lower temperatures. For the purpose 
of this paper, however, it will be sufficient to determine empiri¬ 
cally the solubility of cane sugar, since there are other means of 
locating the eutectic of the cane-sugar solution. 

Where S is the solubility of sugar in 100 parts of water and t 
is the temperature in degrees Centigrade, the empirical formula 
(3) is: 

28162 


157.97 - t 
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The solubility curve of cane sugar calculated from this formula is 
given in figure 1, together with the freezing-point curves. It will 
be seen that the solubility and freezing-point curves intersect 
at a temperature of about — 12°C. (10.4°F.). This temperature, 
lower than that given by Guthrie, is sufficiently low for the hold¬ 
ing of water ices, at least those of moderate sugar content. 

It now remains to determine the accuracy of the figure. A 
rather simple method, and one often used in metallurgical work, 
is to determine the rate of cooling of a sugar solution with the 
idea that if sugar separates from it because of heat liberation 
incident to this reaction, the rate of cooling will also change. The 
reverse process can also be carried out, namely, to warm the 



Fig. 1. Solubility and Freezing Point Curves of Sucrose-water Solutions 


frozen mass and determine the rate of warming. This procedure 
is perhaps the better one, since it is possible to supercool such a 
solution, and the sugar separation may not come at the true eu¬ 
tectic. This is not the case with the warming process since, if 
equilibrium is always attained in the separation of the ice (and 
there is every reason to believe that it is), the sugar can not dis¬ 
solve until the eutectic is reached. In this work, as clear-cut 
results are not to be expected as are usually obtained in metal¬ 
lurgical studies because of the comparatively poor heat conduc¬ 
tivity of the sugar solutions and the slow crystallization or resolu¬ 
tion of the cane sugar. The method is of value, however, as the 
results show. 

The experimental procedure was as follows: About 20 pounds 
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of cane-sugar solution containing 25 per cent sugar was placed in 
the hardening room after freezing in the regular power ice-cream 
freezer. About 0.5 per cent gelatin had been added, which was 
sufficient to permit whipping in the freezer. In a liquid mass the 
ice crystals could concentrate on the surface of the mix, while 
here the gelatin gave the mass enough structure so that no such 
separation could take place. The temperatures in the center of 
the can were measured with a thermocouple with an accuracy of 
about one-fiftieth of a degree, the temperature being measured at 
varying intervals from five minutes to one-half hour, depending 
upon the rapidity with which the material was found to be cool- 




Time in one hour periods 

t 

a 


Time in one hour periods 
b 


Fig. 2. a , Cooling and Warming Curves op Water Ice; 6, Warming 
Curves of Ice Cream 


ing. The curve is given in figure 2o. It will be noticed that 
there is a distinct change of slope at a temperature of ahout 
— 12°C. (10.4°F.). The warming curve also shows a change 
of slope at this temperature, and it is justifiable to conclude that 
this is the true eutectic temperature for cane-sugar solutions in 
water. In this particular instance, while some of the sugar had 
crystallized, the sugar separation was only partial, since the 
author was able to remove a small portion of unfrozen material 
from the mass when it was at a temperature of about 0°F., which 
substance showed a concentration of 73 per cent sugar. This 
represents a point in the freezing-point curve in the supersaturated 
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area, which is very good proof that ice crystallization reached 
equilibrium at all times during the experiment. 

Figure 26 also shows the warming curve for an ice-cream mix. 
This curve is given because it shows that with a considerable 
sugar separation the temperature of the mass remained un¬ 
changed for nearly three-quarters of an hour. The discussion of 
the separation of milk sugar and cane sugar from ice cream will, 
however, be the subject of another paper. It should be noted 
here that the crystallization, due to the presence of substances 
other than water and sugar, takes place at a slightly lower tem¬ 
perature in the ice-cream mix than in the water ice. 

In conclusion it may be stated that if water ice is not cooled 
to a temperature equal or below - 12°C. (10.4°F.), sucrose can 
not separate from the solution. It may be well to emphasize 
that the value of this temperature is in no way dependent upon the 
original concentration of the sugar solution, also that it will in 
all probability be altered but little by the flavoring material 
added to the water ice. The probability of crystallization after 
this temperature is attained will undoubtedly be greater with the 
more highly concentrated sugar solutions. 

The author is indebted to Mr. 0. E. Williams for aid and advice 
with the work. 
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BUFFERS OF MILK AND BUFFER VALUE* 

J. H. BUCHANAN and E. E. PETERSON 
Department of Chemistry , Iowa State College , Ames , 7owa 

Since buffers are considered as substances which, by their 
presence in solution, increase the amount of alkali or acid that 
must be added to cause unit change in pH, the question of 
their occurrence in milk would be important. Clark (1) gives 
the following with regard to buffers: “By buffer action, we mean 
the ability of a solution to resist change in pH through the addi¬ 
tion or loss of alkali or acid.” 

Among the agents, which act well as buffers, are mixtures of 
weak acids or bases and their salts. Milk might be expected 
to have a definite buffer value, due probably to the combined 
effects of salts and protein matter present. Van Slyke (2) has 
shown that human blood has a rather definite buffer value of 
0.0228 at pH of 7.4. Milk is known to bear a close relationship 
to blood. Both have a small amount of sugars and protein in 
true or colloidal solution.* These together with the inorganic 
salts are definite enough in quantity so that both milk and blood 
exhibit a definite osmotic pressure as measured by the freezing 
point. Since blood is well buffered against rapid change in pH 
it might be considered that milk would also show a definite buffer¬ 
ing effect. 

The importance of the buffer value of milk may be illustrated 
in a number of ways. In bacteriological experiments using milk 
as a media, if milk should have a constant or uniform buffer 
value, the rate of growth of bacteria could be observed by noting 
the acidity produced. However, if milk does not possess a very 
uniform buffer value at any pH range (5), the extent of growth 
could not be accurately made without, in each case, determining 
the buffer value of milk used. In a similar way the quantitative 

* Received for publication, December, 1926. 
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estimation of the various sugars in milk (3, 4), in which acidity 
produced by microorganisms is taken as the measure of the 
amount of carbohydrate present, would be very difficult, unless it 
were known that milk had a definite buffer value. Also, if differ¬ 
ent milk samples possessed widely varying buffer values, it would 
be possible for a highly buffered milk to remain sweet longer 
than a more poorly buffered one. It would necessarily take a 
larger amount of lactic acid to produce the same change in pH in 
the former as compared to the latter milk. Again, indefinite 
as the chemistry of milk may be, a number of investigators 
(6, 7, 8, 9, 10) seem to agree that acid phosphates and casein are 
responsible for the greatest part of the original acidity of milk. 
Granting these to be the chief causes of the original acidity of 
milk, it is reasonable to assume that a high acid milk should ex¬ 
hibit a greater buffer action than a low acid milk (11) because 
of the greater phosphate and casein content. 

In this work Van Slyke’s (2) method of measuring buffer values 
was used. A convenient quantity of the solution to be tested 
was taken and the pH measured. Strong acid or alkali, usually 
0.5 n KOH or HC1, was added in small measured amounts and 
the pH measured after each addition. The buffer value was 
obtained from these data by plotting the amount of acid or alkali 
used against the change in pH produced. If too large a range is 
not taken, this average buffer value represents closely the actual 
buffer value at any point in that small range. As a numerical 
measure of the buffer value 0 of a solution, Van Slyke (2) pro¬ 
poses to take the number of gram equivalents of strong alkali 
or acid taken up by a liter of solution per unit change in pH. 
Since 0 varies with varying pH, the value at any given pH is 
defined by the ratio dB /dpH = 0 expressing the relationship 
between the increment (in gram equivalents per liter) of strong 
base or acid B added to a buffer solution and the resultant incre¬ 
ment in pH. 

An example of the calculation of 0 is given to illustrate the 
method of evaluating the constant. 

From figure 1 the following values may be taken from the 
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curve A. For the pH range 7.0 to 7.5 it required 0.58 cc. of 0.5 
n KOH to cause a change of 0.5 pH in a 50 cc. sample of milk. 



where dB is the fraction of a gram equivalent of KOH added, 
dpH = 0.5 and 1000/50 is the ratio to change the experimental 
results from a 50 cc. sample of buffer solution to a 1 liter quantity. 
This value 0 is always a positive one, for if we add strong acid, 
it is equivalent to adding a negative amount of base. The pH 
increase is also negative, hence 0 is positive. In these terms a 
solution has a buffer value of 1 if a liter of that solution requires 
1 gram equivalent of strong acid or base per unit change of pH. 

The apparatus employed was the regular Leeds and Northrup 
potentiometer using the customary set-up for H-ion determina¬ 
tion. The Hildebrand hydrogen electrode and a normal calomel 
electrode were used in all of the determinations. Additions of 
acid or base were made from a calibrated burette having a long, 
fine, capillary tip (12) reaching beneath the surface of the liquid 
at a point near the stirrer. This, together with the uniform rate 
of stirring provided by the motor-driven stirrer, prevented the 
possibilities of any “local action,” and insured a rapid and even 
distribution throughout the liquid. Best results were obtained 
with a moderate rate of stirring with a stirrer shaped so that there 
was little churning action. 

RELATIONSHIP BETWEEN pH REGION AND BUFFER VALUE 

Table 1 gives a summary of the buffer values calculated from 
the data obtained over a pH range varying from pH 4.5 to pH 
10.0. It may be observed from the table that the buffer value is 
not very definite in the acid range. In the alkaline range the 
value is more constant giving in the range pH 8.5 to 9.0 a value 
of 0.0067. The values given in table 1 as well as all values 
considered were on unpasteurized milk. 
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EFFECT OF ADDED WATER ON BUFFER VALUE 

If we assume a definite buffer value in the pH range 8.5 to 
9.0, the determination of this value would serve as a method of 
detecting added water in milk providing a variation from this 
value would be produced by dilution with water. Table 2 


TABLE 1 

Variation of buffer value with pH region 


pH ZONE 

AVERAGE 

LIMITING VALUES 

VARIATION PROM AVERAGE 

4.5 to 5 0 

0 03250 

0 0379 to 0 0264 

I +0 0054 

-0 0061 

5.0 to 5.5 

0 03255 

0.0392 toO 0280 

0.0067 

0.0045 

5.5 to 6 0 

0 02033 

0 0234 to 0 0139 

0 0031 

0 0064 

6 0 to 6 5 

0 01720 

0 0200 to 0 0148 

0 0028 

0 0024 

6 5 to 7 0 

0 01574 

0 0165 to 0 0143 

0 0008 

0 0014 

7 0 to 7.5 

0 01200 

0 0130 to 0 0112 

0 0010 

0 0008 

7 5 to 8 0 

0 00796 

0 0094 to 0 0069 

0 0013 

0 0010 

8.0 to 8 5 

0 00635 

0 0082 to 0 0060 j 

0 0018 

0 0004 

8.5 to 9 0 

0.00670 

0 0074 to 0 0064 

0 0007 

0 0003 

9 0 to 9 5 

0 00950 

0 0118 to 0 0082 

0 0023 

0 0013 

9 5 to 10 0 

0.01520 

0 0174 to 0 0134 

0 0022 

0 0018 


TABLE 2 

Effect of»added water on buffer value 



SAMPLE 1 

SAMPLE 2 

SAMPLE 3 j 

SAMPLE 4 

t 

| SAMPLE 5 

Volume of water added to 50 cc. of milk 

10 CC 

10 CC. 

15 cc 

15 CC. 

15 CC 

For pH range 6 5 to 7 0. 

0 0160 

0.0060 

0 0165 

0 0165 

0 0174 

7 0 to 7 5. 

0 0114 

0 0115 

0 0123 

0 0116 

0 0119 

7.5 to 8 0. 

0 0080 

0 0079 

0 0075 

0 0080 

j 0 0080 

8 0 to 8 5. 

0 0060 

0 0062 

0 0072 

0 0066 

0.0064 

8 5 to 8 9. 

0 0068 

0 0068 

0 0074 

0 0070 

0 0068 

9.0 to 9 5. 

0 0096 

0 0098 

0.0100 

0 0098 

0 0102 

9 5 to-10 0. 

0 0154 

0.0158 

0.0176 

0 0170 

0 0170 


gives data from which the conclusion would be drawn that dilu¬ 
tion of milk up to 30 per cent with water does not affect the buffer 
value. No error would then be introduced due to the dilution of 
the milk with the reagent required to bring the pH to a definite 
range. 











BUFFERS OF MILK AND BUFFER VALUE 


229 


BUFFER EFFECT DUE TO CASEIN 

In the determining of the buffer values in the acid range, 
it was found that the casein was precipitated in the range pH 
4.5 to 5.0, usually at about pH 4.7. No marked change in buffer 
value was observed in this range. Hence it would be concluded 
that the casein exerted very little influence as a buffer in this 
pH range in milk. Bailey and Peterson (13) noticed but little 
change in buffer values of flour extracts on the precipitation of 
the protein matter. 


TABLE 3 

Effect of a/hlcd NaJlI'O , on buffer value 



ft A MPLE 

SAMPLE 

SAMPLE 

ft AMPLE 

8A MPLE 

SAMPLE 

1 SAMPLE, SAMPLE 


0 

7 

8 

9 

10 

11 

12 

13 

[ 

5 or 

5 cc. 

5 cc. 

2 5 cc. 

2 5 CC. 

2 5 cc. 

i CC 

1 cc. 

Quantity of NaallPO* added to 1 

m/3 

m/3 

m/3 

m/3 

M/3 

m/3 

m/3 

m/3 

50 cc. milk 1 

solu- 

801U- 

solu- 

solu- 

solu- 

solu- 

solu- 

solu- 

l 

tion 

tion 

tion 

tion 

tion 

tion 

tion 

tion 

pH range 6 5 to 7 0 . . 




0 0202 

0 0240 

0.0237 

0 0192 

0 0189 

7 0 to 7 5 . 

0 0222 

0 0190 

0 0212 

0 0168 

0 0170 

0 0174 

0 0138 

0 0144 

7 5 to 8 0 

0 0122 

0 0142 

0 0132 

0 0096; 

0 0108 

0 0108 

0 0092 

0 0086 

8 0 to 8 5 

0 0092 

0 0102 

0 0090 

0 0082 

0 0084 

0 0084 

0 0074 

0 0086 

8 5 to 9 0 . . 

0 0094 

0 0094 

0 0094 

0 0086 

0 0088 

0 0086 

0 0078 

0 0074 

9 0 to 9 5 . 

0 0130 

0 0120 

0 0122 

0 0118 

0 0118 

0 0114 

0 0114 


9 5 to 10 0 . . 

0 0190 

0 0150 

0 0200 

0 0200 

0 0196 

0 0200 

0 0172 

0 0178 

pH after addition of the 









Na 2 HP() 4 . 

6 924 

6 917 

0 916 

6 6S1 

6 741 

6 741 

6 668 

6 650 


BUFFER EFFECT DUE TO PHOSPHATES 

In figure 1 are given the titration curves of 50 cc.of milk titrated 
with 0.5 n KOH and of 50 cc. of milk + 5 cc. m/3 Na^HPOi. 
The similarity of these curves to the curve obtained on titration 
of a solution of disodium phosphate is easily recognized, and 
suggests the possibility of the phosphates exerting a buffer 
effect in milk. To give information on this point, small quanti¬ 
ties of NasHPCh were added to milk and the buffer values calcu¬ 
lated over a range of pH 6.5 to 10.0. These values are shown in 
table 3. The average initial acidity of all samples of milk tested 
was between pH 6.500 and 6.630. By the addition of the phos¬ 
phate the initial acidity of the milk was decreased. 
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The buffer value is also slightly increased depending upon the 
quantity of the phosphate added. For example, the average 
buffer value for the range 7.0 to 7.5 is 0.0120. The addition of 
5 cc. m/3 NajHPOi increases 0 to 0.0212 while 2.5 cc. increases 
the value to 0.0170 and 1 cc. to 0.0140. Since the type of curve, 
as shown in figure 1, is the same and is only modified by having its 
values farther up on the scale, it indicates for this range a very 
close relation between phosphate and the buffer substances pres¬ 
ent in milk. 

As Na 2 HP0 4 in water solution hydrolyzes to give a basic reac¬ 
tion, that largely accounts for the increase in initial pH and very 
probably for the increased buffer action. It was thought possible 
that the results observed with Na 2 HP0 4 might simply be a salt 
effect on the buffers contained in milk, that is, that any salt 
might modify the buffer values in the different ranges in some¬ 
what the same manner. On the addition of KC1, CaCl 2 , and 
FeCl», to samples of milk it was found that while the buffer 
value was affected, the results were neither regular nor in the 
same order as with the Na 2 HP0 4 . Hence the effect of Na 2 HP0 4 
would not be considered as a salt effect upon the buffers of milk. 

.CONCLUSIONS 

1. The calculated buffer value of milk varies with the pH range 
and is the more definite at the range pH 8.5 to 9.0, with an average 
value of 0.0067. 

2. Casein has very little effect as a buffer in the region of its 
iso-electric point, since the precipitation, of the casein has no 
great influence upon the buffer value. 

3. The phosphates of milk are at least among the most impor¬ 
tant buffers of milk. This is indicated by the fact that there is 
a great similarity between the titration curves of milk and 
Na 2 HP0 4 . 
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A VOLUME WEIGHT STUDY OF ICE CREAM* 


A. W. PHILLIPSt 

Dairy Department , Massachusetts Agricultural College^ Amherst f Massachusetts 

INTKODUCTION 

The problem concerning the shrinkage of ice cream upon its 
being dished from bulk can containers is an ever-present one 
whenever and wherever ice cream is sold in bulk to the consuming 
public. This problem is assuming greater importance daily as 
the ice cream industry is growing so rapidly. With its direct 
bearing upon the increasing agitation now in progress for a sales 
by weight program and for goods packaged at the manufacturer’s 
plant, it has indeed reached a point of very vital significance to 
the industry. 

It has long been observed that there is considerable shrinkage 
in volume when ice cream is dipped from a can. Numerous 
articles have been written and published upon this problem. 
The latest and most important publications are here given as 
references (1-8). 

The purpose of this research was to ascertain the effect of various 
factors on shrinkage with a view of discovering possible preventive 
methods of diminishing shrinkage. 

EXPERIMENTAL 

Method 

In the scientific study of any problem there must be a standard 
upon which to base results. This is particularly true of any 
work upon ice cream which is of such a complex nature. So 

* Publication number 58, Massachusetts Agricultural College. Received for 
publication November 4, 1926. 

t Acknowledgment is here made to Professor H. F. Judkins, former head of the 
Dairy Department, who originally proposed this problem and under whose gu id- 
ance the major portion of this work was performed and to Professor J. H. 
Frandsen, present head of the department, for valuable suggestions and criticisms. 
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standard methods of procedure were employed throughout the 
entire work. 

A standard mix containing 12 per cent fat, 10.5 per cent serum 
solids, 38 per cent total solids, 14.5 per cent sugar, 0.5 per cent 
gelatine and 0.5 per cent powdered egg yolk was used in all 
work except as otherwise noted in the text. The mix was made 
from fresh cream, skim milk and skim milk powder. 

The average weight in pounds per gallon of the standard 
mixes was 9.16. 

All freezing was done in a Fort Atkinson freezer of 10 gallons 
capacity. Fifty pounds of mix were used for each batch. The 
ice cream was drawn into 3-gallon cans. These cans were tared 
so that a definite check on the overrun could be obtained, for 
each can was reweighed after filling and the overrun thus accu¬ 
rately determined. The overruns thus determined were the ones 
used in all calculations. 

An interesting result of this weighing of each can is observed 
when the overrun of the first, second, and third cans drawn are 
compared. The results show that in 65 per cent of the cases the 
second can was of higher overrun than the first can and in 30 
per cent of the cases the second can was of lower overrun. With 
the third can the ratio was 50 per cent higher and 45 per cent 
lower overrun than in the first can. The can of the highest over¬ 
run was the first can in 9 per cent of the cases, the second can in 
24 per cent of the cases and the third can in 18 per cent of the 
cases. The figures for the lowest overrun are 23 per cent for 
the first can, 7 per cent for the second and 19 per cent for the 
third. These figures are from observations on 58 batches which 
gave 174 cans. 

The overrun was tested frequently during the whipping by 
running out the ice cream into a one pint cup measuring 2 tV 
inches deep by i'n inches in diameter. The excess ice cream 
was leveled off by means of a saptula. The large diameter of 
the cup permitted the ice cream ribbon to fold into the container 
with a minimum amount of included air holes. The cup and 
contents were weighed on beam scales and the overrun computed 
directly. As previously mentioned, the overrun was checked by 
weighing each individual can. 
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Before dishing, each can was removed from the hardening room 
and placed in a mechanically refrigerated cabinet where it was 
allowed to temper for at least twelve hours. Unless otherwise 
stated all cans were tempered and dished at 10°F. When re¬ 
moved from the cabinet, the can was immediately placed into 
an insulated jacket and remained therein during the entire 
period of dishing. 

The temperature of the ice cream was taken with a low reading 
thermometer from time to time and no appreciable change in 
temperature was noted except in a few cases when the work was 
interrupted. 

In all the work every factor was kept as nearly uniform and 
standard as was possible, varying but one factor at a time in 
order that its effect alone might be studied. The matter of 
personal equation was kept as nearly constant as could be desired 
by using great care in all phases of the work. The pressure 
exerted upon the dishing tool, the degree of heaping the disher, 
the pressure applied to the ice cream as it was introduced into 
the carton, all were carried out with extreme uniformity. Yet 
at the same time conditions were strived for which were as 
nearly as possible identical with those which would be met with 
in actual commercial work.* The data for each can were never 
reviewed until after the entire can had been dished. 

A. Size and type of dishing tool 

In order to study the effect of the size and type of disher em¬ 
ployed for the dishing of the ice cream, several sizes and types 
were used in these experiments. The regular self ejecting semi- 
spherical disher was used in most work. Wherever the word 
"disher” appears, this type of disher is indicated. The size 
number indicates the fraction of a quart contained in one level 
disherful. 

When dishing the ice cream, the number of disherfuls per 3- 
gallon can was noted. Each disherful was placed upon a clean 
tared paper plate and weighed. 

In all dishing, attempt was made not to get too many extra 
full dishers or too many with air spaces in them. To make a 
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solid, even, good looking ball such as commercial dealers would 
dish, the ice cream was pressed into the disher by a slight, yet 
consistent, pressure against the side of the can. The excess 
ice cream was always removed by a twisting motion against the 
side of the can. When an air hole in the disherful was attempted 
to be filled, an extra heavy disherful always resulted. It was 
also noticed that a ball showing an air space was not necessarily 
lighter than one which had a perfect semi-round shape. 

The average data obtained when using the semi-round dishers 
is given in table 1. It will be noted from this table that the 
volume shrinkage is practically the same for all sizes of dishers. 


TABLE 1 

Effect of size of disher 


81* E OF 
DISHER 


CAN 


D1BHBRFULB 

EQUIVALENTS 

VOLUME 

Number 

dished 

Net 

weight 

Overrun 

Number 

Average 

weight 

Quarts 
from can 

Dishers 
from 
a quart 

PERCENT 

SHRINK¬ 

AGE 

No. 10 

4 

pounds 

13 7 

per cent 

97 


ounces 

3.1 

7.0 


42 

No. 12 

12 

14 0 

99 

81 

2 6 

6.9 


44 

No. 16 

4 

14 2 

93 

117 

1.9 

7.4 

9.8 

36 


3 

14 0 

93 

131 

1 7 

6.8 

10 9 

44 

No. 24 

6 

14 1 

97 

170 

1.3 

7.0 

14.1 

41 

No. 30 

3 

13 9 

98 

209 

1 0 

6.9 

17.1 

42 

No. 10 

1 

IS.6 

105 

u 

2 0 

fU 

7.8 

22 

No. 90 

1 

18.2 

110 

167 

\ 1.2 

s.s 

IS.8 

$1 


This may be explained in that the larger scoops require more 
pressure to fill them, where-upon the air is squeezed out to a 
certain degree, and while the smaller scoops require less pressure 
per scoopful, nevertheless they require this smaller pressure to 
be applied to a smaller volume of ice cream, and also this smaller 
pressure must be applied more often or more times per each can 
dished. Therefore the effect of the smaller pressure is more 
additive and equals the larger pressure when the whole can is 
considered. 

In order to obtain data which might show the effect of heaping 
the scoop, two cans were dished and each disherful leveled off 
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with a spatula. The results are added at the foot of table 1 
and are indicated by italics. These figures are of interest be¬ 
cause the variations in the sizes of the disherfuls should have 
been nil. They also show that a considerable part of the shrink¬ 
age was due to the heaping of the scoops. This factor will be 
considered again later when the results of loading the ice cream 
into cartons are given. 

Two balls dished from the same can and using the same size 
scoop varied at times as much as 2 ounces in weight. 

Averaging the weights of the disherfuls from the top third, 
the middle third and the lower third of the can, no difference 
was noted. This indicated that the ice cream remaining in the 
can was not compressed by the dishing out of that above it. 
This held throughout the entire work. That this condition 
would not have held with all operators is fairly certain. 

When other tools than the dishers were used for dishing, the 
ice cream had to be loaded into cartons in order to have any 
figures relative to shrinkage. The pint tapered carton was 
arbitrarily selected for a standard. 

The ice cream spoon had a 2f by 3^ inches bowl with a some¬ 
what square end and a short wooden handle. The “trowel” 
was of aluminium, such as is used for leveling ice cream in slab 
moulds. The “trowel” was 41 inches long by 3 inches wide and 
had its outer end curved somewhat to fit the curvature of the 
can. The “round loader” was one now on the market which 
cuts a cylindrical cake of ice cream from the can. The “square 
loader” was also one now on the market which cuts a square 
cake from the can. Both of these loaders are well known to the 
trade. 

In certain instances the shrinkage when computed from the 
number of scoops obtained from a can was more than was indi¬ 
cated when this same ice cream was placed in the cartons. It 
may at first seem strange that the shrinkage could decrease 
upon further handling. But, as may readily be concluded from 
a careful consideration of the conditions, this decrease in shrink¬ 
age should have been expected because the ice cream balls when 
placed in the carton do not fit evenly and exactly together. 
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The air spaces remaining account for the increase in volume. 
And some of these air spaces are bound to remain, regardless of 
the pressure used in pushing the ice cream into the container. 
Ice cream once compressed would resist more strenuously any 
further compression. Many of the cartons were stripped in 
order to observe the number and sizes of these air spaces. This 
was done with cartons filled by all the tools. Aim was made to 
fill all cartons to a degree of firmness that would satisfy the 
retail trade. Consistent filling was at all times a chief objective. 
Care was likewise expended that the work did not become fussy 
to the extent that it would not approximate trade conditions. 


TABLE 2 

Effect of type of tool 


TOOLS 

CAN 

PINT TAPERED 

C ARTON'S 

VOLUME 

PER CENT 
SHRINK¬ 
AGE 

Num¬ 

ber 

Net 

weight 

Over¬ 

run 

Num¬ 

ber 

from 

can 

Aver¬ 

age 

weight 



pounds 

per cent 


ounces 


Disher all sizes, average. 

9 

14 0 

95 

14 1 

15.2 

39 

Spoon ... 

7 

13 9 

96 

16 6 

12 9 

30 

Trowel 

5 

14 0 

94 

17.3 

12.7 

28 

Round loader 

3 

14 5 

91 

20.0 

10 5 

16.7 

Square loader. 





9.9 



The weight of the pints filled by the dishers was influenced a 
great deal by the manner in which the first few balls were placed 
into the carton. The bottom of the carton being narrower, the 
balls did not fit together as snugly. Successive balls were placed 
in alternate sides of the carton. Table 2 gives the results 
when different types of tools were used. Employing the ice 
cream spoon as the dishing tool, less shrinkage resulted than 
when the dishers were used. In dishing with the ladle, care 
was exercised not to take too large ladlefuls. If they were too 
large, more pressure was required to push the ice cream into the 
carton and the less likely were the air spaces to be filled, even 
though the greater pressure was applied. Also if too small a 
spoonful was taken each time, the ice cream received more in¬ 
tensive handlin g and therefore lost more of its overrun. 
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Most of the cartons were carefully examined for air spaces. 
This was accomplished by submerging the carton in hot water 
for a moment and then inverting it over a paper plate, where¬ 
upon the ice cream fell out intact as a cake and was easily ob¬ 
served. All the cakes so examined were found to be free from 
air holes which were larger than would be tolerated by the most 
exacting customer. 

In the use of the trowel the same general procedure was followed 
and the same factors were involved as applied to dishing by use 
of the spoon. With the trowel, however, it was easier to cut a 
cake of ice cream which more nearly fitted into the carton. This 
enabled the operator to dish ice cream into the cartons and 
have the ice cream retain more nearly the properties it had when 
in the can. A special case in which the carton is of the round 
type, will be given later when the effect of the type of carton 
is considered. The trowel and round carton were the best 
combination. 

For filling the tapered cartons, the trowel should be wide as 
the top of the carton. This allowed a better filling of the carton 
for as the ice cream seated itself, it conformed snugly to the 
shape of the carton and filled the corners nicely without having 
to be pushed and crowded by excessive pressure. 

Very little success was obtained from use of any of the semi¬ 
mechanical loaders, so designed as to cut a cake of ice cream to 
fit exactly into the particular carton for which the loader was 
adapted. 

The loaders cut the ice cream from the can without altering 
the condition of the ice cream in any way. Thus the lightest 
weight pints were obtained by use of these disbers which dished 
the ice cream with very little shrinkage. However the author 
believes the objections to their use offset the advantages. All 
such dishers needed to be dipped into water after each time used. 
This was messy at best. The wet tool dripped water into the 
can which water would later freeze and give a coarse or lumpy 
texture to the ice cream subsequently dished. These tools 
having a large surface area, considerable water was therefore 
carried by them. Also considerable ice cream was carried to 
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the wash water. So, after two or three usages, the water became 
quite dirty. When this water dripped upon floor and cabinet 
the messy condition constantly increased. The wash water 
being relatively warm at best, would offer a good place for the 
culture of bacteria which would eventually be carried to the ice 
cream. 

These loaders were necessarily of small enough dimensions to 
allow of their introduction into the container before the expulsion 
of the ice cream. Consequently the cake of ice cream was not 
as wide as the carton and an air space was left between the ice 
cream and the carton. Although the disher did dish a true 
pint, nevertheless the carton of ice cream did not look full and 
actually the ice cream did not measure a full pint if much pressure 
was used in expelling it. If the tool was allowed to get too cold, 
the pressure necessary for ejection became very great. 

With the round type of tool, the ice cream cake could be broken 
off at the bottom from that remaining in the can by a twisting 
motion. However with the square instrument this could not 
be accomplished as easily. Only with intense rocking could the 
cake be freed from the remaining ice cream. This procedure 
necessarily squeezed and compressed the ice cream adjacent to 
the loader in position. 

The temperature of the loaders needed careful regulation 
which was impractical. If too cold, ice cream stuck to the 
outside and great pressure was needed to expel the cake. If too 
warm, the cake often would not break at the bottom. 

The data for all cartons filled showed that there was no per¬ 
ceptible increase in weight of the cartons filled from the bottom 
of the can over those filled from the top. Thus it would seem 
that there was no compression of the ice cream when the upper 
portions were dished. 

B. Effect of overrun 

The relation of overrun or per cent of swell would seem of 
utmost importance in a study of shrinkage from dishing manipu¬ 
lations because the shrinkage in volume is due to the squeezing 
out of some of the air incorporated into the ice cream during the 
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freezing process. One would naturally infer that the larger 
amount of air so incorporated would result in a greater shrinkage 
when that particular ice cream was dished. That the results of 
this investigation do not uphold such a conjecture may seem 
rather startling at first but when the factors involved are care¬ 
fully studied, the data here cited would be expected. 

From the data in tables 3 and 4 it is readily seen that the over¬ 
run has hardly any effect upon the number of pints obtained, 
namely the shrinkage, but it does, however, govern their weight. 


TABLE 3 

Influence of overrun on number of disherfuh 




CAN 


DISHERFUL8 

equivalents 

VOLUME 

TOOL 

Number 

dished 

Net 

weight 

Overrun 

Number 

Average 

weight 

Quarts 

from 

can 

Dishers 

from 

quart 

PEB CENT 
SHRINK¬ 
AGE 

Disher / 

4 

pounds 

13.7 

per cent 

97 

70 

ounces 

3.1 

7.0 

5 8 

42 

No. 10 1 

2 

13 1 

112 

i 

78 

2.8 

7.3 

6.5 

34 

Disher f 

12 

14 0 

1 

99 

81 

2.6 

6.9 

6 9 

■ 

44 

No. 12 \ 

4 

15.2 

80 

84 

2.8 

7.0 

7.0 

41 

Disher f 

4 

14.2 

93 

117 

1.9 

7 4 

9.8 

36 

No. 16 1 

1 

15 2 

77 

131 

1.89 

8.2 

10.9 

32 

Disher f 

3 

14.0 

93 

131 

1.7 

6.8 

10.9 

44 

No. 20 \ 

1 

13.3 

107 

133 

1.58 

6.7 

11.1 

44 


This fact is in accord with the findings of Ruehe (1) but is not 
substantiated by the work of Fisher and Judkins (2), or by 
Bierman (5). It is -of interest that one of these investigators 
dished at this laboratory 18$ pints from a can of 85 per cent 
overrun and 161 pints from a can of 125 per cent overrun, both 
cans containing ice cream from the same mix. 

The fact that the overrun was found to play such a minor 
rdle as regards shrinkage may be explained in that the greater 
the percentage of overrun, the more pliable the ice cream became, 
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and less pressure was required to fill the dishing utensil and the 
carton. There was slightly more shrinkage in cans of very high 
overrun as compared with cans of very low overrun. There 
was probably a difference of about 1 pint at most in amount of 
ice cream dished for overruns between 60 per cent and 120 per 


TABLE 4 

Influence of overrun on number of pint cartons filled 


TOOL 


CAN 


PINTS OBTAINED 

VOLUME 
PER CENT 


, Number 

Net 

weight 

Over¬ 

run 

Number 

Average 

weight 

SHRINK¬ 

AGE 

TYPE CARTON USED 

All Dishers 

9 

1 pound s 

14.0 

per cent 

95 

14 1 

ounces 

15.2 

39 

Pint tapered 

No. 12 

K241 

13 7 

102 

14.0 

15.6 

42 

Quart tapered 


F333 

14.9 

81 

14 0 

17.0 

42 

Quart tapered 


F343 

13 3 

103 

13 0 

15.6 

46 

i pint tapered 


F321 

14.8 

82 

14 0 

16 8 

42 

i pint tapered 

Spoon 

7 

13.9 

96 

16.6 

12.9 

30 

Pint tapered 


C142 

12 7 

112 

18 0 

10.8 

25 

Pint tapered 


0121 

Cl 

CO 

105 

19 0 

11.2 

24 

Pint tapered 


B101 

15 9 

75 

18.0 

14.2 

25 

Pint tapered 


E312 

15 6 

77 

18.0 

14.1 

25 

Pint tapered 

Trowel 

5 

14 0 

94 

17 3 

12 7 

28 

Pint tapered 


F372 

12.1 

120 

17 0 

11.0 

29 

Pint tapered 


E303 

13.4 

106 

16 0 

13.2 

33 

Pint tapered 


F352 1 

14 9 

81 

17 0 

14.2 

29 

Pint tapered 


F323 

16 1 

67 

17 0 

14 7 

29 

Pint tapered 


F373 

12.3 

120 

20 0 

1 

9.6 

17 

Pint round 


E282 

14.6 

90 

20.0 

11.5 

17 

Pint round 


cent, a range of 60 per cent in overrun. For any ordinary 
ranges in overrun the shrinkage differences were negligible. 

Again emphasis is put upon the fact that all the work was 
done in as uniform and constant manner as was possible in order 
that the effect of the overrun and of that one factor alone might 
be studied. In actual dishing by the average retailer he would 
find the high overrun would compress easier and therefore give 
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it more severe treatment than he would to ice cream of harder 
consistency. 


C. A study of personal equation 

When the results of work done by the author on the influence 
of overrun were reviewed, it was decided to have cans of varying 
overrun dished by different operators. The results of this phase 
of the investigation are listed in table 5. It is of interest to 


TABLE 5 

Results of different operators 


OPERATOR 

OVERRUN 

TAPERF.D 

PINTS 

AVERAGE 

WEIGHT 

REMARKS 




ounces 


A 1 

95 

18.0 

11.9 

Good looking packages 

A i 

125 

18.5 

10.1 


B i 

95 

19.0 

11.5 

Too careful; long time; 

l 

125 

17.6 

11.0 

I 

small spoonfuls 

C 1 

95 

15.0 

14.1 

Pressed too hard 

° 1 

125 

15 5 

! 

124 


D l 

85 

18.3 

12.6 

Difference of 40 per cent in 

D 1 

125 

16.8 # 

10.8 

swell 

E I 

90 

18.0 

13.1 

Very poor; air spaces 

l 

125 

13.5 

14.5 


F { 

67 

17.0 

14.7 

Typical for author; differ¬ 

F ^ 

120 

17.0 

11.0 

ence of 53 per cent in swell 


Average difference low and high overrun « 1.1 pints more from low. 


note that the average results are consistent with those obtained 
by the author. The same operator, even when experienced, 
will very likely get a difference of one pint or even more when 
dishing in like manner two cans containing identically the same 
ice cream. This will account for the occasional slight variation 
from dishing cans of ice cream from the same mix and batch 
and which have had exactly the same treatment. 
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D. Size and shape of carton 

In order to study all factors encountered in actual trade condi¬ 
tions, experiments were conducted in which the ice cream was 
dished into cartons of varying sizes and of various styles. 

As is shown by table 6, the size of the carton does not influence 
the shrinkage except to very slight degree. In general the 
smaller the size of the carton, the greater was the shrinkage 
observed in dishing yet this difference was not very great, 


TABI.E 6 

Influence of size of carton 




CAN 


1 CARTONS PILLED 

1 equivalent 

VOLUME 










TOOL 









PER CENT 

Num¬ 

ber 

dished 

Net 

weight 

Over¬ 

run 

Sise 

Num¬ 

ber 

Weight 

Num¬ 
ber of 
pints 

Weight 

of 

pint 

SHRINK¬ 

AGE 







ounces 




Disher 1 

9 

14.0 

95 

Pints 

14.1 

15.2 

14.1 

15.2 

39 










No. 12 1 

3 

13.8 

95 

Quart 

7 

32.0 

14.0 

16.0 

42 

3 

13.9 

96 

$ pint 

27 

7.9 

15.5 

13.8 

44 

( 

7 

1 

13 9 

96 

Pints 

16 6 

12.9 

16.6 

12.9 

30 

Spoon i 

2 

13.8 

95 

Quart 

8.5 

25.9 

17.0 

12.9 

29 

{ 

3 

14.6 

88 

i pint 

33 

6.6 

17.3 

13 2 

28 

Trowel \ 

5 

14.0 

94 

Pints 

17.3 

12.7 

17.3 

12.7 

28 

2 

14.2 

95 

Quart 

8.5 

26.3 

17.0 

13.2 

29 

l 


amounting on the average to about one-half pint per can be¬ 
tween quart and one-half pint size cartons. 

The lack of any marked variation in shrinkage due to the size 
of carton used together with the uniform shrinkage noted when 
the disherfuls were and were not placed in cartons seems to 
indicate that the most of the shrinkage was due to getting the 
ice cream out of the can and not due very greatly to the process 
of packing it into the carton. The differences which were 
observed were probably due to the tendency of the larger cartons 
to bulge at the sides. Also it may have been due somewhat to 
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the fact that the disherfuls fitted in different manner into the 
different sizes of cartons. 

The results of work using the round and the tapered carton 
which are listed in table 7 showed that there was practically no 
difference in the effect of the type of carton upon shrinkage except 
in the special case when the trowel and the round carton were 
employed. This was due to manipulation. The trowel was 
used to cut a large cake of ice cream from the can. Then using 
the round carton as a sort of cookie cutter, it was pressed down 


TARLE 7 

Influence of type of carton 


TOOL 

CAN 

PINT CARTON 

VOLUME 
PER CENT 

Number 

dished 

Net 

weight 

Overrun 

Style 

Number 

Weight 

SHRINK¬ 

AGE 

Disher f 

9 

pounds 

14.0 

95 

Tapered 

14.1 

ounces 

15 2 

39 

No. 12 1 

3 

13.7 

97 

Round 

14 6 

14.8 

39 

Spoon | 

7 

13.9 

96 

Tapered 

16 6 

12.9 

30 

4 

13.5 

98 

Round 

16.9 

12.8 

30 

Trowel j 

5 

14.0 * 

94 

Tapered 

17.3 

12.7 

28 

» . .. .. 

3 

13.7 

100 

Round 

20 0 

10.7 

! 17 


Note effect of trowel with round carton! 

over the ice cream held on the trowel. In this way a cake of 
ice cream was cut out which just fitted into the round carton. 
The sides of the round carton being stiff, this procedure was an 
easy one. Two such cuts usually filled the round carton very 
nicely and by twisting at the end of the second cut, a nice smooth 
surface, flush with the edge of the carton was obtained. Thus it 
was found possible to dish the ice cream with very little shrinkage 
when this combination of tools was used. This furnishes an 
ideal method for dishing ice cream. 
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E. Effect of dishing temperature 

Conditions surrounding the retailing of ice cream vary greatly 
but probably the greatest variable factor is the temperature of 
the cabinet. This has been in the past particularly true al¬ 
though the widespread introduction of the mechanically refriger¬ 
ated cabinets and other improved types, have done much to 
remedy the poor temperature conditions, still there is great 
interest in the proper temperature for dishing and the relation 
between temperature and shrinkage. 

During the early work of obtaining the number of disherfuls 
from cans, when each disherful was weighed, it was noticed that 
the individual disherfuls became heavier if the ice cream became 


TABLE 8 

Effect of dishing temperature 


TEMPERA- ! 
TURK 

CAN 

PINTS 

volume 

PER CENT 
SHRINKAGE 

Numlier 

dished 

Net weight 

Overrun 

Number 

Weight 

•F. 


pounds 



ounces 


5 

3 

14 0 

92 

17.1 

13 0 

29 

10 

8 

13.9 

96 

16 5 

13.0 

30 

15 

3 

13 8 

96 

16.6 

13.1 

31 

23 

1 

13.7 

96 

20 0 

9 88 

17 


very soft or if it became very hard. The soft ice cream evi¬ 
dently filled the disher more solidly while the hard ice cream 
required more pressure to get the disherful and therefore suffered 
loss of air. These results however did not effect the weights or 
numbers of pint cartons filled because in pushing the ice cream 
into the cartons, the very soft ice cream could not be subjected 
to any great pressure, it being squeezed out it attempted, while 
the very hard ice cream would not pack under even severe pres¬ 
sure and therefore air spaces were left between the lumps. This 
reasoning applies to all ice cream dished at differing temperatures. 
Therefore the temperature equation becomes practically zero 
except for very wide variations. There were two factors work¬ 
ing against each other, the firmness of the ice cream and the 
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pressure necessary for proper dishing. These effects very nearly 
counterbalanced each other. 

The data observed in this section of the research are given in 
table 8. The cans dished in this study were all tempered at the 
respective temperatures for at least twelve hours. All the dish¬ 
ing was done using the ice cream spoon and the pint tapered 
cartons. So it may be seen from this table that the temperature 
effect is practically zero except in very extreme cases. 

The best dishing temperature was found to be 10°F. 

F. Effect of varying composition 

The next factor to be investigated was whether the composi¬ 
tion of the mix might have some vital connection with the 


TOOL 


Disher 
No. 12 


Spoon 


TABLE 9 

Mix I — 14.0 per cent fat , 38 per cent total solids 


CAN 

PINTS 

VOLUMB 
PER CENT 
SHRINKAGE 

Number 

dished 

Net weight 

Overrun 

Number 

Weight 

Average for standard mix from table 2 

39 

41 

30 

28 

3 

Average f 

pound « 

13.7 

or standar 

96 

i mix from 

14.1 

table 2 

ouncAS 

15.2 

3 

13.8 

97 

17.3 

12.7 


dealer’s shrinkage. There was no marked differences in shrink¬ 
age from ice creams made from mixers of varying viscosities and 
acidities. 

For study of the influence of actual variation of composition, 
four special mixes of two hundred pounds each were prepared 
in which the percentages of fat, of total solids, and the amount 
of filter were varied one at a time and in which all other ingredients 
were kept standard. Mix IV contained no egg powder. All 
other mixes used in this research contained 0.5 per cent yellow 
egg powder. 

As shown by data given in tables 9 and 10, the percentage of 
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TABLE 10 


Mix II — 8.0 per cent fat , 88 per cent total solids 


TOOL 

CAN 

PINTS 

VOLUMB 
PER CENT 
SHRINKAGE 

Number 

dished 

Net weight 

Overrun 

Number 

Weight 

Disher 

No. 12 

Spoon 

Average for standard mix from table 2 

39 

43 

30 

32 

3 

. 

Average f 

pounds 

14.3 

or standar 

93 

d mix from 

i 

13.6 

i table 2 

ounces 

15.8 

3 i 

14 4 

93 

16.1 

14.2 


TABLE 11 

Mix 111—84.0 per cent solids^ 18 per cent fat 


TOOL 

CAN 

PINTS 

VOLUMB 
PER CENT 
SHRINK A 08 

Number 

dished 

Net weight 



Weigty 

Disher I 

No. 12 1 

Spoon 

Average for standard mix from table 2 

39 

41 

30 

28 

3 

Average i 

pounds 

14.0 

or standar 

97 

d mix from 

14.1 

table 2 

ounces 

15.6 

3 

13.7 

96 

17.3 

13.0 


TABLE 12 


Mix IV—no egg powder , 18 per cent fat , 88 per cent total solids 


TOOL 

CAN 

PINTS 

VOLUME 
PBR CENT 
SHRINKAGE 

ttP 1 Net weight 

Overrun 

Number 

Weight 

Disher I 

No. 12 1 

Ladle 

Average for standard mix from table 2 

39 

41 

30 

29 

3 

Average i 

pounds 

14.4 

or standar 

93 

d mix from 

14.1 

table 2 

ounces 

16.2 

3 

14.2 

95 

17.0 

13.2 
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fat plays a very minor r61e in the shrinkage even when the per 
cent of fat is varied between 8 and 14 per cent a difference of 6 
per cent. The limits of 8 and 14 per cent were chosen because 
most ice cream today on the market would come within these 
percentages. 

Next the per cent of total solids was varied by decreasing this 
ingredient 4 per cent. The results for mix III containing 34 
per cent solids are given in table 11. 

Here again a variation in composition, this time in the per 
cent of total solids cannot be attributed to causing any very 
marked change in amount of shrinkage. 

The action and value of filler has always been of interest and 
so the next mix studied was made up with no egg powder. The 
results for mix IV containing no egg powder are given in table 12. 

Yet again there is no noticeable difference whether the com¬ 
position was altered, this time the egg seeming to have no great 
influence on shrinkage. 

It is the opinion of the author, however, that all variations in 
composition do influence the properties of the ice cream, and so 
also the shrinkage upon dishing. The effect would have to be 
very marked indeed to show when a three gallon can was dished. 
But it is evident that these influences are of a very minor char¬ 
acter when considered with the other factors such as the operator. 

SUMMARY 

1. The shrinkage of ice cream when dished from bulk con¬ 
tainers averaged about one-third of its original volume. 

2. The shrinkage was nearly the same regardless of the size 
or type of disher or the size and shape of the carton used. 

3. The ice cream spoon was found to be the most practical 
dishing tool. 

4. The effect of the overrun on the volume shrinkage was not 
very marked. 

5. Method of dishing and filling of the cartons was ascribed 
as being of vital significance on the shrinkage encountered in 
commercial practices. 
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6. The effect of the dishing temperature was not very great 
unless extreme temperatures were encountered. 

7. The composition of the mix did not influence the volume 
shrinkage sufficiently to be of importance when compared with 
item 5. 
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A STATISTICAL STUDY OF CREAMERY OPERATION* 

E. S. GUTHRIEt 

Department of Dairy Industry , Cornell University , Ithaca , iVew York 

Conclusions drawn from general observations by the persons 
engaged in an industry are not always true. Fortunately, the 
statisticians have developed methods of analyzing large numbers 
of figures so that it is possible to weigh fairly accurately the facts 
that a certain set of data contains. 

The data on which this article is based were obtained by survey' 
from 78 creameries in Minnesota for the year 1919. All of these 
creameries were of the farmer type, such as is found in villages 
and in the smaller cities. None were centralizers. There were 
71 farmers’ cooperative plants, and 7 independent or proprietary 
plants. 

There was a wide variation among these 78 creameries. Some 
were small and a few were large. Some were housed in old, worn- 
out frame buildings, but the majority were operating in new 
homes, most of which were constructed of brick. Some of the 
creameries were conveniently arranged, and a few were very 
inconvenient. Some had good accounting systems, and others 
had very poor records. Most of the creameries were efficiently 
administrated, but a few apparently were not managed at all, 

* Received for publication August 15, 1926. 

t The author wishes to acknowledge the suggestions of Dr. F. A. Pearson, of 
the Department of Agricultural Economics and Farm Management at Cornell 
University, in assembling the data. 

1 The survey was made by the writer, who represented the Federal Bureau of 
Markets and who collaborated with Dr. John D. Black, Chief of the Division of 
Agricultural Economics of the University of Minnesota. In all, 102 creameries 
in 42 counties were visited. Some of the reports were not sufficiently complete 
to be used, and so only 88 creameries were included in the final analysis. The 
summary of that study was published in Technical Bulletin 26 of the University 
of Minnesota, 1924, entitled "Economic Aspects of Creamery Organization.” 
The supply of that bulletin is now practically exhausted. The present article is a 
second study of some of the same data, but from a different angle. Certain data 
are missing in a few of the reports of the 88 creameries considered in the first 
study, and hence only 78 plants are included in the present analysis. 
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they ran themselves. Some had sufficient capital on which to do 
business, and others were “ hard up. ” Some received good cream 
and took pride in making “higher scoring” butter, while others 
paid little attention to the quality of their product. 

The relationships that existed between several of the important 
items in the manufacture of butter in these 78 creameries may be 
shown in different ways. The mean, the standard deviation, the 
coefficient of variability, the coefficient of correlation, and the 
probable error were calculated, and these all help to shed light 
on what actually took place. 

The nine important factors in the manufacture of butter, which 
were studied, are: 

xi. Price paid for fat in cents. This is the price which the farmer 

received for his butterfat. 

x 2 . Price received for butter in cents. This is the price which the 
creamery received for the butter. 

x*. Score of butter. The writer scored the butter at the creamery. 
All of it was less than one week old. 

x«. Percentage overrun. Overrun is the increase in butter over the 
butterfat. Overrun may be defined as the sum of the casein, 
the salt, and the water in the butter, minus the losses in manu¬ 
facturing. Good commercial creamery butter contains about 
81 per cent of fat. 

x*. Cost of labor per hour, in cents. The value of the time of 
directors, secretary, treasurer, bookkeeper, manager, workmen 
in the plant, and workmen’s compensation, is all included in 
this calculation. 

x*. Hours of labor to make 1000 pounds of butter. All of the labor 
within the creamery that went into the butter was recorded. 

xj. Pounds of butter made in 1919, in thousands. This is the vol¬ 

ume, or amount, of butter manufactured in each creamery in 
i919. 

x*. Building cost per 1000 pounds of butter, in cents. This item 
includes interest, maintenance, depreciation, taxes, and insur¬ 
ance, on the buildings. The annual net cost was divided by 
the annual production. 

x». Equipment cost per 1000 pounds of butter, in cents. This 
factor includes interest, maintenance, depreciation, taxes, and 


jotraMAi* or dairy bcuhcb, vol. x, wo. 3 
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insurance, on the equipment. The annual net cost was 
divided by the annual production. 

MEAN, STANDARD DEVIATION, VARIABILITY, AND PROBABLE ERROR 

The means and the variables for the nine factors in this study 
are given in table 1. The mean, or average, price paid to the 
farmers for butterfat, was 64.8 cents, whereas the price received for 
the butter was 56.4 cents. On the average, therefore, the 78 
creameries paid 8.4 cents more for the butterfat than they re¬ 
ceived for the butter. 


TABLE 1 

Mean , standard deviation , and coefficient of variability 



MEAN 

STANDARD 

DEVIATION 

cobfpicient 

or 

VARIABILITY 

1. Price paid for fat, in cents . . 

64 75=fc 0.30 

3.91=fc 0 21 

6.04=1=0.33 

2. Price received for butter, in cents ., 

66 36=1= 0 16 

2 07± 0 11 

3.68=fc0.20 

3. Score of butter — ... 

91.23:1= 0.12 

l.Sldfc 0.08 

1.65=1=0.09 

4. Percentage overrun. 

23.82=1= 0.14 

1.83=1= 0.10 

7.70=1=0.42 

5. Cost of labor per hour, in cents . 

6. Hours of labor to make 1000 pounds 

44.38:1= 0.84 

11.00=1= 0.59 

24.78=1=1.42 

pounds of butter. 

7. Pounds of butter made in 1919, in 

35.59± 1.15 

15.13=fc 0.82 

42.51=1=2.68 

thousands.!. 

8. Building cost per 1000 pounds of but¬ 

230.21rfcll.64 

152.39:4: 8.23 

66.19=1=4 89 

ter, in cents. 

9. Equipment cost per 1000 pounds of 

603.56=1=25.85 

338.53±18 28 

56.08=1=3.86 

butter, in cents. 

420.67=1=13.83 

181.08=1= 9.78 

43.04=1=2.72 


The average score was 91.2, which was fairly well toward 
“extras, ” the range being from 87 to 94. 

The average overrun was 23.82 per cent, which is high. In 
passing, it should be stated that the high overrun obtained by 
many creameries was due to the practice of not weighing the half 
pounds. For illustration, if a can of cream weighed 35| pounds 
the creamery would record it as 35 pounds. Thus the half pounds 
were not counted in the volume of butterfat, but they were in¬ 
cluded in the weight of the butter. It is apparent that the over¬ 
run would be increased thereby. 
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The average cost of labor in 1919 was 44.4 cents per hour, with 
a range from 26 to 80 cents. The hours of labor to make 1000 
pounds of butter showed an average of 35.6, with a range from 
16.1 to 85.2 hours. The volume of butter, or the amount manu¬ 
factured was 230,218 pounds and ranged from 31,000 to 886,000 
pounds. The average building cost was $6.04 per thousand 
pounds of butter manufactured, and the range was from $1.41 
to $7.80. The equipment cost per thousand pounds of butter 
made was $4.21, with a range from 82 cents to $9.17. 

One of the striking features of the study is the variability 
shown. 2 Statisticians have constructed an index of variability 
which, to speak figuratively, is nothing more than a thermometer 
showing how things vary. It is like “percentage” in that it 
quickly and clearly makes a comparison discernible; it also meas¬ 
ures the difference in variation. The variation in score of butter 
is small, due to the limited range of butter scores. Butter scoring 
86 is very poor, while a score of 94 indicates a very high grade of 
butter. The coefficient of variability for “score of butter” was 
1.7. The most variable factor was “pounds of butter made in 
1919, in thousands,” the coefficient of which was 66.2. 

The variability coefficient of the price paid for butterfat was 
3.68, which was about twice that of the price received for the but¬ 
ter. The price which the creamery gets for butter is based on 
the market conditions and the grade of the butter, and, as has 
already been pointed out, the score of butter is very non-variable. 
The price which the farmer receives for the butterfat is more 
variable, because, in addition to the price of the butter, it is 
affected by many of the problems of manufacture, particularly 
the hours of labor consumed in making the butter, and the vol¬ 
ume of output. 

The cost of labor is about four times more variable than the 
price of fat. It is affected more by volume than by any other 
factor, although the hours of labor required to make a unit of 
butter is directly related. 


* Coefficient of variability - 100. 

Me 
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CORRELATION 

The explanation of the significance of the coefficient of cor¬ 
relation is very aptly expressed as follows by G. F. Warren* when 
he says: 

A coefficient of correlation furnishes a convenient means of expressing 
the relationship of one set of facts to another set. For example, the 
daughters of good cows tend to be, but are by no means sure to be, good 
cows. If it were an absolute certainty that every daughter of a cow 
would produce precisely the same amount of butterfat as her mother 
produced, the correlation would be expressed by 1. If there were not 
the slightest relationship between the amount of butterfat given by a 
cow and that given by her daughters, the correlation would be 0. 
Studies of butter production have shown that the correlation is 0.28. 
This shows that there is a considerable chance that the daughter of a 
cow that produced a large amount of butter will be a high producer, 
but that the results are far from certain. The relation of the heights 
of men to the heights of their sons shows a correlation of 0.51. 

Even the low correlation of 0.28 between the production of cows and 
that of their daughters is enough so that men are willing to pay more 
for the daughters of good cows than for daughters of poor cows. 

The eight other variables were correlated with the price which 
the farmer received for the butterfat and with one another. The 
first line in table 2 shows the correlation coefficients between 
eight factors and the “price paid for butterfat.” Likewise the 
second line correlates the seven factors with “price received for 
butter.” In a similar way the coefficients of correlation given 
in the columns show the relationships between the column head¬ 
ings and the heading of the line on which the coefficieiits are 
located. 

The correlation between the price received by the farmer for 
the butterfat, and the price obtained by the creamery for the but¬ 
ter, is very high (r = 0.743). The correlation between the price 
received by the farmer for the butterfat, and the score of the 
butter, also is high (r = 0.831). Overrun, on the other hand, 

* Prices of Farm Products in New York. Cornell University Agr. Exp. Sta. 
Bui. 416,1923, p. 33. 




TABLE 2 

Correlations between nine factors in seventy-eight creameries in Minnesota , in 1919 



When studying this table the reader should observe that the correlation is between the various readings on a line with the one at the head of the line. 
The four most significant columns are 2,3,6, and 7. There are, however, a few important correlations in columns 8 and 9. 
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shows a coefficient of only 0.196, in relation to this factor, which 
indicates that overrun in these creameries is not nearly so impor¬ 
tant a factor in affecting the price of butterfat as is the price of 
butter. There is one consideration in evaluating the significance 
of overrun, however, that should not be overlooked. If there 
was a greater variation in the percentage of overrun, the cor¬ 
relation would be higher. If the variations in overrun were from 
10 to 24 per cent, the higher figures would have a greater bearing 
on the price of the butterfat than when the range is only from 
18 to 26 per cent. Inasmuch as overrun is more uniform than 
a few of the other factors, it is of less importance. 

The “price received for butter,” “score of butter,” “hours of 
labor to make 1000 pounds of butter,” and “pounds of butter 
made in 1919, in thousands, ” have more to do with the price that 
the farmer receives for butterfat than do the other factors. It 
is also noticeable that “score of butter” has greater significance 
in relationship to “price received for butter” than does any other 
factor. Volume, or “pounds of butter made in 1919, in thou¬ 
sands,” has a very low correlation with “price received for but¬ 
ter,” whereas it was very significant when compared with the 
“price paid for fat.” 

About one-half of the* correlations are positive and the other 
half are negative. However, if the correlation is 0.2 or 0.3 or 
more, it is significant regardless of whether it is positive or 
negative. The results of positive or negative correlations may 
be interpreted as follows. The coefficient of correlation of “price 
received for butter” and “price paid for fat” is 0.743, which 
means that the creamery which obtained a high pfrice for its 
butter, paid a high price for the butterfat. Again, the correlation 
of “pounds of butter made in 1919, in thousands,” to “cost of 
labor per hour, in cents,” is -0.476, which shows that as the 
volume of butter manufactured declines, the cost of labor in¬ 
creases. It also shows a very significant relationship. 

The “hours of labor to make 1000 pounds of butter” is highly 
correlated with the other items. On the other hand, the “cost 
of labor per hour, in cents, ” is of little importance. The probable 
explanation for so little correlation between these last two items 
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is the same as in the case of the overrun. The cost of labor per 
hour is about the same throughout the state, consequently the 
low correlation. But there is a wide range of hours in “hours 
of labor to make 1000 pounds of butter, ” and therefore a signifi¬ 
cant correlation would be expected. 

Under “building cost per 1000 pounds of butter, in cents, ” and 
“equipment cost per 1000 pounds of butter, in cents, ” the cor¬ 
relation coefficients are low with the exception of the correlations 
existing between them and “hours of labor to make 1000 pounds 
of butter.” This indicates that as the cost of the building and 
that of the equipment go up, the hours of labor increase. A wide 
range in these two factors may be observed in table 3, which may 
account in part for the high coefficients. Another reason for high 
correlation coefficients may be in the large investments in building 
and equipment in creameries where the plant was not operated 
at full capacity. 


MULTIPLE CORRELATION 

A multiple correlation was calculated for the following four 
variables: “Price paid for fat in cents, ” “ price received for butter 
in cents,” “score of butter,” and “hours of labor to make 1000 
pounds of butter. ” 


Ri.2J# = 0.82 

It is apparent that the multiple correlation between these most 
significant variables is higher than any of the gross correlations. 
T his indicates that the combined effect of the three independent 
variables is greater than any one. 

It seems apparent that the amount of labor which goes into 
butter, and the volume of output, together with quality (which 
is measured by the score and reflected by the price of the butter), 
are the important considerations in making butter. 



TABLE 3 


Original data for nine variables for 78 Minnesota creameries , 1919 
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69.5 

58.7 

92 

20.6 

40.3 

23.8 

238 

354 

284 

3 

63.3 

55.1 

91 

24.2 

37.2 

29.9 

140 

590 

513 

4 

67.4 

55.1 

91 

24.0 

40.2 

39.1 

282 

770 

325 

6 

69.5 

59.5 

94 

23.7 

32.8 

24.3 

768 

448 

237 

7 

63.7 

55.0 

89 

26.3 

57.9 

23.7 

196 

369 

319 

8 

70.3 

58.4 

92 

25.5 

30.7 

37.2 

222 

676 

317 

10 

56.0 

52.1 

88 

25.0 

52.3 

69.6 

41 

669 

82 

11 

67.9 

59.9 

92 

21.9 

34.6 

39.3 

283 

477 

639 

12 

67,5 

57.2 

92 

22.9 

58.9 

34.7 

113 

990 

420 

13 

67.2 

58.9 

93 

23.6 

50.0 

29.8 

256 

826 

316 

14 

62.3 

56.1 

92 

20.4 

46.1 

47.7 

131 

1780 

807 

15 

68.5 

58.5 

93 

26.0 

64.7 

28.2 

225 

776 

483 

16 

68.0 

58.7 

92 

26.4 

46.8 

34.0 

170 

1144 

356 

17 

70.3 

61.1 

92 

23.0 

80.9 

27.3 

98 

924 

298 

18 

67.8 

61.5 

91 

23.5 

31.1 

39.3 

184 

364 

301 

19 

66.7 

57.1 

92 

22.2 

34.4 

39.1 

194 

446 

249 

20 

66.5 

59.0 

92 

25.5 

50.0 

28.8 

135 

312 

415 

21 

66.1 

57.0 

93 

24.0 

58.9 

21.7 

200 

692 

410 

22 

64.1 

56.0 

92 

23.8 

30.0 

61.0 

60 

470 

693 

23 

66.3 

57.0 

90 

* 23.3 

52.7 

19.5 

199 

141 

134 

25 

63.7 

57.3 

93 

20.0 

70.4 

16.1 

195 

330 

459 

26 

64.0 

55.0 

89 

23.0 

35.9 

44.0 

117 

347 

314 

28 

56.0 

54.5 

90 

22.0 

43.2 

54.7 

160 

760 

145 

29 

56.9 

51.8 

91 

25.6 

42.2 

36.5 

164 

487 

670 

32 

59.5 

54.7 

89 

24.3 

46.4 

42.7 

86 

887 

917 

33 

69.3 

56.9 

91 

27.5 

28.9 

19.5 

444 

208 

214 

34 

65.7 

55.3 

91 

26.8 

67.3 

24.7 

96 

879 

445 

35 

69.8 

59.8 

91.5 

27.6 

43.4 

47.7 

97 

442 

386 

36 

67.7 

56.3 

91.5 

26.0 

53.9 

24.6 

217 

396 

328 

37 

67.3 

57.6 

91 

24.3 

31.6 

33.0 

294 

508 

205 

38 

61.2 

58.4* 

92 

24.8 

60.3 

52.2 

125 

788 

843 

39 

62.0 

54.5 

91 

25.0 

39.5 

30,7 

145 

297 

344 

40 

64.4 

| 57.1 

91.5 

21.7 

43.0 

29.9 

134 

666 

466 

41 

63.0 

54.4 

90 

24.2 

28.4 

51.0 

167 

194 

322 

42 

65.4 

56.3 

91.5 

21.6 

47.2 

22.7 

347 

328 


43 

66.5 

55.8 

90 

26.0 

45.4 

20.4 

545 

160 

140 

44 

64.9 

54.9 

92 

24.6 

39.8 

22.6 

541 

174 

166 

45 

63.0 

54.7 

90 

23.0 

60.1 

20.3 

131 

349 

463 
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TABLES 3 —Continued 


* 

A 

W 

3 

M 

« 

O 

(4 

H 

A 

a 

o 

* 

PRICE PAID FOR FAT, 
IK CENTS 

PRICE RECEIVED FOR 
BUTTER, IN CENTS 

SCORE OF BUTTER 

« 

W 

s 

H 

C 

< 

g« 

a. 

s 

ft* 

§1 

A W 
< V 
^ Z 

i* 

c. 

HOURS OF LABOR TO 
MAKE 1000 POUNDS 
OF BUTTER 

POUNDS OF BUTTER 
MADE IN 1919, IN 
THOUSANDS 

BUILDING COST PER 
1000 POUNDS OF BUT¬ 
TER, IN CENTS 

EQUIPMENT COST PER 
1000 POUNDS OF BUT¬ 
TER, IN CENTS 


Xi 

X* 

X, 

x 4 

mm 

mM 

X 7 

Xh 

X* 

46 

63.7 

56.6 

89 

25.2 

42 5 

37.9 

492 

460 

384 

47 

64.2 

55.1 

91 

24.3 

40.1 

32.3 

198 

219 

335 

48 

62.0 

55.3 

91 

23.1 

51.4 

34.0 

106 

1276 

528 

49 

56.0 

53.0 

90 

26.0 

39.2 

85.2 

77 

657 

521 

50 

58.0 

53.5 

89 

18.0 

35.5 

38.9 

176 

330 

292 

51 

59.6 

54.2 

91 

24.6 

49 5 

30.3 

120 

1029 

380 

52 

67.8 

58.5 

92 

23.5 

27.6 

40.0 

209 

433 

320 

53 

65.8 

55.6 

91 

24.5 

26.2 

46.9 

209 

530 

460 

54 

67.1 

55.8 

92 

24 7 

44.7 

26.8 

246 

428 

425 

55 

68 0 

57 1 

92 

24.0 

49.7 

17.8 

443 

454 

349 

56 

67.0 

55.2 

91 

24.0 

41.1 

33.0 

197 

876 

588 

57 

68 2 

58.8 

93 

25.2 

38.7 

23 1 

464 

543 

456 

58 

68 7 

57.3 

93 

23.2 

42.5 

26.5 

559 

252 

290 

59 

64.3 

56.9 

92 5 

25.0 

42.7 

27.8 

256 

538 

464 

60 

58.1 

55 2 

90 

22.7 

44.3 

72 1 

62 

1453 

778 

61 

66.2 

57.1 

93 

23 1 

53.5 

22.4 

31 

258 

247 

62 

65.5 

56.5 

91.5 

26.8 

1 42.9 

26.2 

288 

613 

296 

63 

57 4 

54.1 

89 

19 9 

44 4 

42 9 

167 

774 

293 

65 

60.0 

55.0 

88 

24 8 

28.8 

75.0 

110 

1515 

621 

68 

64.1 

55.4 

91 

22 5 

28.5 

34.0 

236 

928 

492 

69 

68 5 

56 9 

92 

22 7 

40 2 

23.1 

263 

319 

694 

70 

63.0 

54.5 

91.5 

24.0 

57 0 

24.2 

147 

286 

650 

71 

68.8 

54.3 

92 

22.8 

38.3 

78.5 

136 

1104 

899 

72 

58.0 

55.7 

93 

23 3 

35.9 

68.4 

178 

472 

757 

78 

61.2 

57.6 

88 

25.4 

41.3 

48.7 

243 

334 

247 

79 

64 5 

54 9 

88 

23 1 

36 2 

27.4 

265 

215 

222 

80 

57.0 

53.1 

87 

23 0 

35.6 

60.7 

107 

998 

496 

81 

66.0 

56.9 

92 

24.2 

55 5 

21 9 

886 

525 

274 

82 

69.2 

59.2 

93 

23 8 

48.5 

35.2 

273 

700 

372 

83 

64.1 

54.3 

91 

27.0 

52 4 

34.9 

128 

652 

663 

87 

64.2 

56.0 

91 

24 0 

70.0 

16.6 

211 

398 

532 

91 

61.1 

52.3 

90 

19.1 

47.1 

34 8 

200 

257 

445 

92 

58.9 

54.8 

91 

22.1 

44.6 

40.9 

138 

948 

581 

93 

63.5 

53.0 

91 

22.3 

41.3 

34.8 

221 

1400 

292 

94 

69.3 

58.6 

94 

24.0 

55 3 

20.2 

341 

487 

297 

96 

68.8 

56.3 

92 

24.7 

39.7 

25.4 

482 

799 

399 

97 

68.5 

58.8 

94 

23.2 

37.4 

33.0 

200 

603 

478 

98 

67.8 

58.2 

92 

22.1 

44.0 

26.8 

207 

833 

331 

99 

70.2 

59.1 

94 

22.8 

27.1 

36.8 

339 

573 

376 

101 

67.5 

58.2 

91 

25.5 

43.3 

27.9 

206 

292 

516 
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TABLE 3— Concluded 

For the student who desires to pursue the study further. The original data is presented in table 3. 
The sums of the nine variables, the sums of their squares, and the sums of their products are as follows: 


2Xi 


5051.00 

2Xa 

- 

4396 10 

2X3 


7116 50 

2X4 

.S 

1858 00 

2X* 


3461 90 

2X< 

S* 

2776 50 

2Xt 

n 

17957 00 

2Xt 

** 

47078 00 

2X9 

- 

32813 00 

2 X 3 X 4 

— 

169518 50 

2XtX* 

as 

316013.35 

2X«X« 

» 

252645 85 

2 X 3 X 7 

- 

164356.00 

2XiX« 

a. 

4293134.50 

2XaX9 

- 

2995947 50 

2 X 7 X 3 

sc 

9594909 00 

2 X 7 X 9 


6760306 00 

M.Xi 


64 7564 

M Xa 

am 

56.3602 

M.Xa 

■s 

91 2371 

M X4 


23.8205 

M X« 

a 

44 3833 

M X« 

= 

35 5961 

M.Xt 

— 

230 2179 

M.Xi 


603 5641 

M X 9 

* 

420.6794 

M X 3 X 4 


2173 3141 

M XaX 8 

sa 

4051 4532 

M X 3 X 0 

« 

3239 0416 

M X 3 X 7 

* 

21071 2820 

M XiX« 


55040 1860 

M X 3 X 9 

- 

38409 5833 

M.XiXh 

S3 

123011 6500 

M XvX# 

* 

86670 5897 


2X*i 


328274 24 

2X*t 


248099 01 

2X*a 

* 

649464 75 

2X*4 

SB 

44523 10 

2X«* 

S. 

163061 95 

2 X*e 

SS 

116688.53 

2X*7 

= 

59455 82 

2X*» 

= 

373538 68 

2X*9 

■ 

16354309 00 


2X4X9 

as 

82542 30 

2XiX« 

= 

66058.08 

2 X 4 X 7 

m 

430868 26 

2X4Xs 

as 

1116102 90 

2X4X9 

= 

780318 60 


2X»X9 

*21846095 00 

M X*, 

- 

4208 6441 

M X*a 

= 

3180 7565 

M X* 3 

sc 

8326 4711 

M X*4 

St 

570 8089 

M Xh 

a* 

2090 5378 

M X*3 

as 

1496.0068 

M.X*7 

=r 

762 2541 

M.X*8 

as 

4788.9574 

M X*9 

*: 

209670 6282 


M X 4 X 6 * 

1058 2346 

M.X4X. * 

846 8984 

M X 4 X 7 « 

5523 9520 

M X 4 X 8 « 

14309 0110 

M X 4 X 9 « 

10004 0846 

M X 3 X 9 *280078 1412 


2XiX* 

a 

285143 81 

2 X 1 X 4 

as 

461125 75 

2 X 1 X 4 

= 

120423 81 

2 X 1 X 3 


224204 00 

2XiXe 

» 

177321 10 

2 X 1 X 7 

sa 

1181768 10 

2XiXs 

* 

3025057.00 

2XiX. 

** 

2111972 90 

2 X 5 X 0 


118419 20 

2 X 5 X 7 


734699 00 

2 X 5 X 3 

St 

2059378 00 

2XiX» 

* 

1461654 60 


M XiXa * 3655 6898 
M XiX* » 5911 8680 
M XiX* * 1543 9591 
M.XiXs » 2874 4102 
M XiX* * 2273 3474 
M XiXt - 15150 8730 
M XiXs - 38782 7820 
M.XtX* * 27076 5756 


M XfiX# * 1518 1948 
M XtXi * 9419 2179 
M.XfcXg * 26402 2820 
M XbXh * 18739 1615 


SXiXa ~ 401231 90 
2XaX 4 - 104749 04 
2 X 3 X 5 « 195232.84 
2X*Xs - 155642 54 
2XaX 7 « 100844.15 
2XaXs “ 2646253 30 
SX*X» - 1844878 50 


SX«X 7 * 560783 90 
2 X 0 X 0 - 1842981 20 
2X«X» « 1254757.60 


M X*X* « 5143 9987 
M XaX* - 1342 9364 
M X*X* » 2502 9851 
M X*X # * 1995 4172 
M X 9 X 7 * 1292 8737 
M XtXa ~ 33926 3240 
M XaX 9 * 23652 2884 


M X«X? « 7189 5372 
M X*Xi * 23627.964 
M X*X« « 16086 6358 


FURTHER INVESTIGATIONS WITH ADULTERATING 
SULPHURIC ACID SO AS TO INCREASE 
BABCOCK TEST READING* 

WM. E. PETERSEN 

Division of Dairy Husbandry, University of Minnesota, St. Paul, Minnesota 

Two years ago the writer 1 reported on the possibility of adulter¬ 
ating sulfuric acid so as to increase the reading of the Babcock 
test in which such acid was used. That report was on a tem¬ 
porary emulsion of a fat solvent saturated with butterfat and 
thoroughly shaken with acid. This adulteration did not materi¬ 
ally affect the appearance of the acid, but on standing for more 
than an hour, the fat saturated solvent would separate out and 
accumulate on top of the acid, in which condition duplicate tests 
would not check and consequently adulteration would be sus¬ 
pected. 

Since that report, the writer has been able to secure an acid 
emulsion that is stable and that will increase the Babcock reading 
when such acid is used. One sample of such an emulsion made 
up on December 15 has stood without agitation, and on May 5 
shows no signs of separation. This sample was made upof 400 ce. 
sulfuric acid, specific gravity 1.83, 16 cc. fat saturated benzine, 
and 6 cc. water soap solution (Palmolive china soap, 1 part, and 
water, 2 parts). As the soap w'ater solution is not miscible with 
the benzine, it was added first to the cold acid and shaken when 
the saturated fat benzine solution was added and thoroughly 
shaken. 

This acid was used in performing a Babcock test the following 
day without being agitated, when it gave an increased reading 
of 0.8. It was again used without agitation on February 15, 
when the necessary sample was carefully drawn by means of a 

* Published with the approval of the Director as Paper No. 621, Journal 
Series, Minnesota Agricultural Experiment Station. Received for publication 
May 20,1926. 

1 W. E. Petersen, Journal of Dairy Science, vii, no. 4 (1924). 
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pipette from about the center, with the same results. Further 
tests on April 15 gave identical results. 

Centrifuging this acid in an 18-inch centrifuge at about 10,000 
revolutions per minute for ten minutes failed to cause separation. 
Examination under an oil emersion lens of 1200 magnifications 
failed to reveal any particles, indicating that in all probability 
the dispersion is colloidal and that the soap acts as a stabilizer. 

The appearance of the adulterated acid would not arouse sus¬ 
picion nor would its reactions with milk, in performing the Bab¬ 
cock test, as it behaves like normal acid. Separation of the 
adulterant is effected, however, by the addition of equal parts of 
water and centrifuging in usual Babcock test bottles in a Babcock 
centrifuge at the normal speeds for milking testing, by which 
means adulteration can be detected. 



THE EFFECT OF THE PASTEURIZATION TEMPERA¬ 
TURE ON INDIVIDUAL GERMS FOUND IN 

MILK* 


J. M. BRANNON and M. J. PRUCHAf 
Department of Dairy Husbandry, University of Illinois, Urbana, Illinois 

Pasteurization, since its introduction into the dairy industry, 
has received much study. The primary reason for introducing 
this process into the dairy business was to protect the public 
from disease germs carried by milk and it is along this line that 
most of the study has been directed. Pasteurization also pro¬ 
longs the keeping quality of the milk when it is properly done. 
It is stated that about 99 per cent reduction of the bacterial 
milk flora is obtained by this process. Ayers and Johnson (1) 
have published evidence showing that when milk is highly con¬ 
taminated with bacteria a ninety-nine per cent reduction is se¬ 
cured, but when the milk is not so highly contaminated the 
percentage of reduction does not reach this figure. 

The effect of pasteurization on the individual organism found 
in milk has not received much study. Ayers and Johnson (3) 
found that of twenty-two typical streptococci one survived a 
temperature of 62.8°C. for thirty minutes, and of 117 atypical 
streptococci, 38.46 per cent survived this temperature. The 
same authors (2) found twelve colon bacilli which resisted a 
temperature of 62.8°C. Barber (4), studying the effect of 
temperature on the rate of multiplication of a colon bacterium, 
found that it reached its maximum rate of division at 37°C. and 
that this rate fell off at 45°C. and ceased at 49°C. Tanner and 
Dubois (6) concluded from their work “that the members of the 
colon-typhoid group in milk in the number to which they would 
occur are destroyed by heating for thirty minutes at 60°C.” 

The purpose of this study was to determine the effect of 
pasteurization on pure cultures of bacteria found in milk. The 

* Received lor publication September 26, 1925. 

f This short paper is to be considered as a preliminary report. 
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work was commenced June 15, 1925, and was concluded August 
8, 1925. During this period seventy different types of bacteria 
were collected. These organisms were taken from platings made 
from unpasteurized milk, from rinsings made from dairy utensils 
and from the interior of the cow’s udder. The organisms to be 
pasteurized were transferred to test tubes containing 5 cc. of 
sterile milk. The inoculated test tubes were incubated at 37°C. 
from two to five hours. Pasteurization was carried on in a 
copper jacketed water bath at a temperature of 62.5°C. 

Just before pasteurization the milk was plated and then put 
into a water bath and pasteurized at a temperature of 62.5°C. 
for thirty-five minutes. The five minutes over the usual pasteuri¬ 
zation time was to allow the milk to reach the above temperature. 
The milk was again plated immediately after pasteurization. 
The plates were incubated for ninety-six hours at room tempera¬ 
ture and twenty-four hours at 37°C. If the plates made from 
pasteurized milk were not sterile, the organism was again inocu¬ 
lated into sterile milk, incubated and repasteurized using, instead 
of a test tube, a Sternberg bulb of about 5 cc. capacity. In some 
instances, it was found that milk would not be sterile when 
pasteurized in a test tube, but would be sterile when pasteurized 
in a Sternburg bulb. After the milk was pasteurized and plated, 
it was incubated for several days to observe whether the de¬ 
struction of the germs was complete. An effort was made to not 
allow the germs to grow to such a number that their by-products 
would be a factor in their destruction during pasteurization. 

All the organisms reported in table 1 produced acid in nutrient 
broth containing dextrose, and most of them produced acid in 
nutrient broth containing sucrose and lactose. None produced 
gas excepting the aerogenes like organism and the colon organisms. 

There were forty-seven non-spore-forming organisms. Of these 
forty-seven, only two survived pasteurization. The two resisting 
organisms are 43 and 44. No. 44 is similar to, if not the same 
as, the organism reported by Russel and Hasting (5) several years 
ago to withstand a temperature of 76°C. It is a lemon color 
micrococcus. It produces acid in nutrient broth and grows 
rapidly in milk. Russel and Hastings report that their organism 
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TABLE 1 

The effect of pasteurization on germs found in milk and dairy utensils 


NUMBER OF 
ORGANISMS 

UNPASTEURIZED 

PASTEURIZED 

REMARKS 

Non-spore formers 

1 

36,000,000 

Sterile 


2 

3,420,000 

Sterile 

Ropy 

3 

1,790,000 

Sterile 


4 

7,660,000 

Sterile 


5 

16,140,000 

Sterile 


6 

32,400,000 

Sterile 


7 

43,200,000 

Sterile 


8 

115,000 

Sterile 


9 

7,300,000 

Sterile 


10 

166,800,000 

Sterile 


11 

61,200,000 

Sterile 


12 

28,900,000 

Sterile 


13 

1,620,000 

Sterile 


14 

1,020,000 

i Sterile 


15 

651,(XX) 

Sterile 


16 

54,600,000 

Sterile 


17 

11,000 

Sterile 


18 

23,500,000 

Sterile 


19 

27,000,000 

Sterile 


20 

1,185,000 

Sterile 


21 

59,400,000 

Sterile 


22 

114,000,000 

Sterile 


23 

14,500,000 

Sterile 


24 

330,000,000 

Sterile 


25 

109,200,000 

Sterile 


26 

112,900,000 

Sterile 


27 

2,100,000 

Sterile ! 


28 

114,000,000 

Sterile 1 

Gas forming. Aerogenes-like 

29 

78,000,000 

Sterile 

Somewhat similar to 28 

30 

5,100,000 

Sterile 


31 

21,800,000 

Sterile 


32 

1,500,000 

Sterile 


33 

3,400,000 

Sterile 

White colony, coccus, from U 

34 

6,500,000 

Sterile 

Yellow colony, coccus, from U 

35 

4,700,000 

Sterile 

Pink colony, coccus, from U 

36 

1,500,000 

Sterile 


37 

6,100,000 

Sterile 

Colon, human 

38 

20,000 

Sterile 


39 

27,000 

Sterile 


41 

30,600,000 

Sterile 


42 

40,200,000 

Sterile 
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TABLE 1 —Continued 


NT7MBBB OF 
OBOANI8B8 

| UNPA8TBURIZED 

PA8TBURIZBO 

BB1CABK8 

Non-spore formers—Continued 

43 

36,000,000 

1,020,000 


44 

5,040,000 

134,000 

Micrococcus lemon color 

45 

10,000,000 

Sterile 


46 

15,000,000 

Sterile 

Streptococcus 

47 

2,100,000 

Sterile 

Aerogenes with reddish color 

Spore formers 

48 

2,850,000 

3,060,000 

Brownish colony, rod forms 


600,000 

460,000 

spores so rapidly that it is 


4,600,000 

2,390,000 

hard to find vegetative or- 


2,250,000 

5,050,000 

ganism 


4,800,000 

9,600,000 ; 



2,500,000 

4,040,000 | 


49 

4,120,000 

30,000 


50 

640,000 

33,000 


51 

352,000 

25,900 


52 

165,000 

96,000 


53 

1,080,000 

132,000 


54 

6,700,000 

300 

Spores not numerous 

55 

13,000,000 

2 

Spores not numerous 

56 

84,000,000 

500 

Spores not numerous 

57 

1,200,000 

100 

Spores not numerous 

58 

21,000,000 

, 10,810,000 


59 

3,480,000 

2,160,000 


60 

800,000 

780,000 


61 

4,400,000 

1,120,000 


62 

1,600,000 

149,000 


63 

5,900,000 

4,540 


64 

180,000,000 

7,200 

■ 

65 

2,800,000 

9,500 


66 

72,000,000 

1,000 


67 

5,040,000 

134,000 


68 

1,560,000 

1,140,000 


69 

9,300,000 

1,000 


70 

14,600,000 

1,020,000 



did not ferment dextrose, sucrose or lactose. No. 43 was not 
picked from the plates this year, but was secured from pasteur¬ 
ized milk two years ago and kept in the laboratory. At the 
time when it was found, it was causing counts of a millio n or 
more in pasteurized milk. 
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Most of the spore forming organisms reported here first coagu¬ 
late milk and then digest it. But some of them digest the milk 
without coagulating it. No thermophils were found during the 
progress of this work. 


TABLE 2 

Effect of pasteurization on named organisms 


nam b of organisms 

UNPASTEURIZED 

PASTEURIZED 

Bacillus visr.osua . 

10,900,000 

5,200,000 

2,400,000 

4,200,000 

14,900,000 

84,000,000 

700,000 

7,200,000 

26,600,000 

9,400,000 

8,800,000 

144,000,000 

2,000,000 

2,000,000 

44,000,000 

13,000,000 

12,300,000 

2,100,000 

144,000,000 

7,900,000 

780,000 

420,000 

197,000 

7,000,000 

1,140,000 

3,500,000 

Sterile 

Bacillus suhtilua . 

32,100 

24,000 

266,000 

980 

Bacillus ramosun . 

Bacillus buytricus. 

Bacillus Glaligu. . 

Proteus vulgaris ... 

Sterile 

Erythrohacillus ptodiosus. 

Sterile 

Bacterium paracoli. 

Sterile 

Bacterium communior. 

Sterile 

Bacterium coli... 

Sterile 

Bacterium aerogenes. 

Sterile 

Bacterium acid lacti . 

Sterile 

Bacterium aerogenes 

Sterile 

Bacterium alcaligenes 

Sterile 

Bacterium aerogenes soil . 

Sterile 

Bacterium coli (bovine). 

Sterile 

Pseudomonus pyocyaneus. 

Sterile 

Micrococcus albus. 

Sterile 

Micrococcus Aurantiaca. 

Sterile 

Staphylococcus aureus. 

Sterile 

Micrococcus aureus. 

Sterile 

Sarcina ventriculi. . 

Sterile 

Rarcina lutia . 

53,000 

Sterile 

Sterile 

Micrococcus flavus . 

Lactobacillus casei (epilson). 

Lactobacillus casei (alpha). 

Sterile 



Note: The authors accepted the names of the above organisms as they were on 
the tubes when received and no effort was made to verify them. 


There was no instance where a spore forming organism was 
entirely eliminated by pasteurization. In two instances a larger 
count was obtained in the pasteurized milk than in the unpasteur¬ 
ized milk. This increase in number is apparently due to the 
breaking up of clumps of spores, since neither of these two or¬ 
ganisms grew at temperatures above 50°C. 
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There was no effort made to determine the names of the or¬ 
ganisms used in obtaining the data in table 1. The only criterion 
used was that the colonies were visibly different. In table 2 are 
given data on pasteurization of named organisms. 

The outstanding point in table 2 is the same as in table 1, 
namely, that nearly all non-spore forming organisms were de¬ 
stroyed by pasteurization. Sarcina lutia is the exception in 
this case. 

It will also be noted that the three colon organisms used in 
this work did not survive pasteurization. This is of interest 
because of the discussion as to whether all colon bacteria are 
destroyed by pasteurization. 

Since only few of the organisms found in milk have been used 
in this work, no definite conclusion can be stated. More or¬ 
ganisms were not used simply because they did not occur on the 
plates. This limited number may have been due to the fact that 
during the period of this experiment the weather conditions 
remained practically constant. 

But the data presented indicate that a large number of the 
organisms found in milk do not survive a temperature of 62.5°C. 
Yet, in pasteurized milk, high counts are continually being found 
and these high counts are mostly due to non-spore-forming or¬ 
ganisms. The reason for this is a problem for further 
investigation. 
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A STUDY OF METHODS FOR BACTERIAL ANALYSES 
OF MARKET MILK* 

LESLIE H. COOLEDGEf 

Department of Bacteriology, Michigan State College^ East Lansing f Michigan 

Bacterial counts of milk made upon different kinds of media, 
vary considerably in number present per cubic centimeter. This 
is due, largely, to the composition of the media used. As one 
kind of medium is most suitable for the growth of certain types 
of bacteria, it will give higher counts than other media when that 
particular type of organism predominates. If another type of 
organism predominates in the milk, another medium may be ex¬ 
pected to give the higher counts. 

It occasionally happens that a sample of milk with a count of 
100,000 bacteria per cubic centimeter upon one mediu m will have 
a count of only half that number upon another medium. With 
other samples of milk the reverse may happen. Usually, how¬ 
ever, certain media tend to give the highest counts, while other 
media tend to give the lowest counts. 

The usual reason for making bacteriologicaal counts upon milk 
is to get an idea of how carefully the milk has been handled up 
to the time that the sample was taken. If the bacteriological 
count is low, we assume that the milk has been handled in such 
a careful way that good keeping quality and reasonable safety 
are likely. If the count is very high, we suspect that the milk has 
been so carelessly handled that good keeping qualities cannot be 
expected and safety from disease producing organisms is in doubt. 

As a member of the committee upon methods of bacterial anal¬ 
yses of milk and milk products appointed by the International 
Association of Dairy and Milk Inspectors, I undertook in 1921 
to show the value of plate counts obtained upon four kinds of 

• Received for publication August 31, 1926. 

t Professor Cooledge died in May, 1925. This paper was nearly ready for pub¬ 
lication and is presented with some slight changes designed to clarify certain 
points which seemed a little obscure.— G. L. A. Ruehle. 
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agar commonly used in milk work and to show the relation of the 
counts to the pH score (1). 


TABLE 1 

Samples of milk in group I 




pH 

BCORE 

BA.CTO AGAK 

MEAT 

EXTRACT 

MEAT 

JNFURION 

AGAR A 

1 

Farmer 12 

50 

50,000,000 

60,000,000 

22,000,000 

67,000,000 

2 

Same; a cool day 

45 

9,600,000 

1,000,000 

2,300,000 

1,700,000 

3 

Farmer 22 

50 

600,000 

160,000 

250,000 

800,000 

4 

Same; a cool day 

95 

150,000 

30,000 

50,000 

100,000 

5 

Farmer 8 

45 

600,000 

650,000 

400,000 

700,000 

6 

Same; a cool day 

55 

60,000 

80,000 

40,000 

10,000 

7 

Farmer 25 

45 

100,000 


200,000 


8 

Same; a cool day 

90 

80,000 

50,000 

40,000 

10,000 

9 

Farmer 13 

50 

400,000 

200,000 


; 

10 

Same; a cool day 

95 

110,000 

120,000 

60,000 

100,000 

11 

Farmer 21 

45 

5,000,000 

6,000,000 

12,000,000 

8,000,000 

12 

Same; a cool day 

55 

1,500,000 

1,000,000 

1,200,000 

2,500,000 

13 

Farmer 36 

50 

75,000 

10,000 

40,000 

60,000 

14 

Same; a cool day 

70 

50,000 

30,000 

30,000 

30,000 

15 

Farmer 24 _ 

50 

700,000 

180,000 

360,000 


16 

Same; a cool day 

80 

130,000 

180,000 

90,000 

60,000 

17 

Farmer 20 

45 

1,000,000 

1,500,000 



18 

Same; a cool day 

55 

130,000 

100,000 

40,000 

40,000 

19 

Farmer 54 

50 

100,000 

700,000 

700,000 

800,000 

20 

Same; a cool day 

55 ‘ 

45,000 

80,000 

40,000 

20,000 

21 

Farmer 1 

80 

30,000 

7,000 

80,000 

110,000 

22 

Same; a cool day 

95 

150,000 

80,000 

20,000 

10,000 

23 

Farmer 6 *1 

50 

120,000 

210,000 

180,000 

300,000 

24 

Same; a cool day 1| 

90 

10,000 

50,000 

20,000 

10,000 

25 

Farmer 11 

45 

1,000,000 

1,000,000 

500,000 

1,000,000 

26 

Same; a cool day 

55 

220,000 

100,000 

90,000 j 

100,000 

27 

Farmer 5 

45 

1,000,000 

12,000,000 

40,000,000 ! 

15,000,000 

28 ! 

Same; a cool day 

90 

90,000 

40,000 

20,000 | 

140,000 

29 

Farmer 51 

45 

6,000,000 

2,400,000 



30 

Same; a cool day 

90 

10,000 

30,000 

10,000 

10,000 

31 

Farmer 90 

40 

500,000 

450,000 

500,000 

800,000 

32 

Farmer 50 

80 

370,000 

50,000 

90,000 

100,000 

33 

Farmer 16 

40 

5,000,000 

3,600,000 


6,000,000 

34 

Farmer 2 

50 

3,300,000 

3,100,000 

4,000,000 

5,000,000 

35 

Farmer 14 

50 

3,200,000 

3,600,000 

5,000,000 


36 

Farmer 10 

85 

200,000 

100,000 

140,000 

140,000 


Early results of this work have been included in the committee 
reports (2), but my work has been continued and extended. 
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The methods used in this work are the 1921 Standard Methods 
for Bacteriological Examination of Milk, published by the Amer¬ 
ican Public Health Association. Bacto agar used in groups I 
and II is out of lot 10445 which was furnished by the Digestive 
Ferments Company to members of the committee. Other Bacto 
agar was out of regular stock. Milk-powder agar was the milk- 
powder agar A described by Ayers and Mudge (3). 

Media were adjusted to pH 6.5 to 6.8 where necessary. It was 
not necessary to adjust the reaction of Bacto agar and agar A. 

Group I includes 36 samples of milk, 18 of which were taken 
upon a warm day and tested at once. The other 18 samples were 
taken from the same patron’s cans a few days later, but upon a 
very cool day. 

Group II includes 48 samples of milk, 24 of which were plated 
upon the four kinds of media and the pH score determined. The 
samples were then incubated at room temperature for two hours 
and retested. 

Group III includes samples of milk plated upon different media 
and incubated at 37°C. for one hour and retested. 1 

It is fair to assume that the samples of milk in groups II and 
III when plated the second time should be in poorer condition 
bacteriologically than when they were tested the first time. If 
this is true, the method which shows the samples in poorer con¬ 
dition most consistently when tested the second time would be 
the better method. 

Comparing the tests and retests on all of the samples of milk 
in group II and III using both the pH method and counts in 
various media, the sensitiveness of the methods appears as fol¬ 
lows: 

P«r cent 
efficient 


pH score.91.0 

Bacto agar.66 .6 

Meat infusion agar.66 6 

Milk powder agar A.63.3 

Beef extract agar.60 .0 


Greater sensitiveness of methods would be expected if the sam¬ 
ples have a high initial bacterial count. Methods which show 

* The detailed data for this could not befound.— G.L.A.Ruehle. 
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LACTOSE 

EXTRACT 

AGAR 

10,000 

10,000 

10,000 

10,000 

30,000 

LACTOSE 

0 (A 

s < 

fc> o 

r 

11 11 I 8 

y 

05 

< 

o 

< 

| Aik. and 
inert 

1,000 

1,000 

7,000 

1,000 

2,000 

7,000 

16,000 

9,000 

5,000 

6,000 

10,000 

10,000 

10,000 

40,000 

80,000 

40,000 

10,000 

30,000 

14,000 

20,000 

40,000 

10,000 

Pepton¬ 
ize rs 

1,000 

! 

6,000 

1,000 

10,000' 

10,000 

2,000 

Weak 

acid 

1,000 

3,000 

4,000 

10,000 

! 3,000 

Strong 
| acid 

1 

J 

2,000 

i 

: 

2,000 

1 

Bacteria 
per cubic 
centimeter 

1,000 

1,000 

8,000 

2,000 

2,000 

7,000 

25,000 

16,000 

15,000 

9,000 

10.000 

20,000 

10,000 

40,000 

90,000 

40,000 

10,000 

40,000 

17,000 

16,000 

20,000 

40,000 

I 10,000; 

< 5 

W u o 

*-T eo oo i-T <o of to oo o © o' o' © o' g o' V g g g 

MEAT 

EXTRACT 

AGAR 

2,000 

3,000 

7,000 

1,000 

4,000 

1,000 

17,000 

9,000 

10,000 

2,000 

10,000 
30,000 
10,000 
20,000 
10,000 
50,000 
20,000 
j 10,000 
12,000 
12,000 
10,000 
30,000 
40,000 

BACTO 

AGAR 

co ** t^T to © of 2 oT o' g~ o' o' o g o o' eo oo g o g 

B 

58 

888888888 £ 8880888888888 
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f 55 

55* 

6 

6* 

14 

14* 

21B 

21B* 

Raw, East Lansing 
Supply 

Raw, East Lansing 
Supply* 

19 

19t 

36A 

36A| 

Pasteurized 
Pasteurized f 

13 

13t 

10 

10* 

24 

24t 

17 | 
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2B* 45—[l, 140,000 950,000,5,500,000(4,^ 130,000*4,101,000| 

* Two hours at room temperature. 

t Two hours at room temperature; twenty-two hours in ice box. 
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poorer condition upon retest of samples with low initial counts 
should be the more valuable. 

If only those samples of milk having a retest average count of 
under 25,000 bacteria per cubic centimeter are considered, the 
efficiency of the various methods and media is as follows: 

Per cent 
efficient 


pH score.84 6 

Bacto agar.61 5 

Infusion agar.30.0 

Agar A.30 0 

Extract agar.23 0 


Considering only those samples having a retest average count 
between twenty-five thousand and 100,000, the results are as 
follows: 

Per cent 
efficient 


pH score.86 7 

Infusion agar.85.7 

Agar A.85.7 

Extract agar.71.4 

Bacto agar.28.5 


The samples of milk having retest counts between 100,000 and 
1 ,000,000 bacteria per cubip centimeter give the following results: 

Per cent 
efficient 


pH score. 100 

Infusion agar. 100 

Bacto agar. 80 

Extract agar. 80 

Milk powder agar A. 60 


The samples of milk with retest counts of over 1,000,000 give 
results as follows: 

. Percent 

efficient 


pH score.100 

Bacto agar. 100 

Extract agar. 100 

Agar A. 100 

Infusion agar... 87.5 


The pH score of the samples of milk after incubation was at 
times the same as before, but it never indicated that the milk was 
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in better condition after the samples had been subjected to the 
short incubation period and retested. In three instances the pH 
score indicates that the milk was in no worse condition after in¬ 
cubation that it was before. These were samples of milk which 
were usually good by this method when tested the first time. 

In certain instances the samples of milk tested with the differ¬ 
ent kinds of media before and after incubation gave results which 
indicated that they were as good after the incubation as before. 
The samples may be classified as shown in table 3. 

It seems that after the treatment which the above samples re¬ 
ceived, efficient methods should show the samples in worse con¬ 
dition upon retest. A few of the samples which were in very good 
condition at the start might show no change upon retest, but 


TABLE 3 

Condition of milk samples upon retest after short incubation period 


HOW TESTED 

POORBB 

NO CHANOE 

BETTER 

Meat extract agar. 

20 

1 

12 

Milk powder agar A. 

20 

2 

11 

Bacto agar... . 

21 

1 

11 

Meat infusion agar. 

22 

2 

9 

pH score. 

29 

3 

0 


certainly a reliable method should not indicate that a third of the 
samples were in an improved condition. 

Many investigations have been made to determine the most 
suitable medium for milk work. It has usually been concluded 
in these studies that the method giving the highest counts is most 
efficient. It is argued that the medium giving the highest counts 
comes closest to giving counts which represent all of the bacteria 
present in the milk. There is a failure to agree upon the medium 
giving the highest counts. The reasons for this failure are con¬ 
sidered below. 

A tabulation of the samplesof milk in groups I, II, and III, with 
average bacterial counts below 10,000 per cubic centimeter when 
plated upon four kinds of media shows that Bacto agar gives the 
highest counts and the milk powder agar A is next, with meat 
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extract agar the lowest. When samples with 10,000 to 25,000 
bacteria were studied the counts upon milk powder agar A are 
the highest, with meat extract agar next, and meat infusion agar 
giving the lowest counts. 

If a preponderance of samples is present with low counts one 
investigator might be expected to find one medium giving the 
highest counts while another investigator studying a poorer grade 


1200000 


*00000 


600000 


300000 


of milk would find that another medium would give the highest 
counts. 

The 102 samples of milk in groups I, II, and III gave average 
counts upon the four kinds of agar as shown in figure 1. 

When these samples were divided into groups depending upon 
the average count upon the four kinds of agar the medium giving 
the highest counts for the different groups is indicated in table 4. 



1 B o 


Fig. 1 
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The average bacterial counts of samples tabulated in groups I, 
II and ITI when arranged according to their pH scores indicates 
that while the pH score does not check with the bacterial count 
in many cases, it does check in a general way. Samples 
scoring 75, 70, 05, 60, and 55, because of the small numbers 


TABLE 4 

Medium giving highest counts for the different groups 


NUMBER OK BACTERIA 
PER CUBIC CENTIMETER 
AVERAGE WITH 

4 KINDS OF AGAR 

HIGHEST 
AVERAGE WITH 

NI'XT HIGHEST 
WITH 

NEXT LOWEST 
WITH 

LOWFST 

| AVERAGE WITH 

Under 

10,000 

Bacto agar 

Agar A 

Infusion agar 

Extract agar 

10,000- 

25,000 | 

Agar A 

Extract agar 

Bacto agar 

Infusion agar 

25,000- 

50,000 

Bacto agar 

Agar A 

Infusion agar 

Extract agar 

50,000- 

100,000 

Bacto agar 

Agar A 

Infusion agar 

Extract agar 

100,000- 

200,000 

Bacto agar 

[ Agar A 

Infusion agar 

Extract agar 

200,0001,000,000 

Agar A 

Infusion agar 

Bacto agar 

Extract agar 

Over 1,000,000 

I Bacto agar 

Agar A. 

Extract agar 

1 Infusion agar 


TABLE 5 


Showing the relation of average bacteriological counts and average of pH scores 


NUMBER OF SAMPLES 

! WITH A pH SCORE OF 

AVERAGE BACTERIAL COUNT ON 
FOUR KINDS OF MEDIA 

7 

100 

10,300 

10 

95 

34,200 

10 

90 

44,600 

4 

85 

63,500 

10 

80 

92,800 

8 

75, 70 

150,000 

13 

65, 60, 55 

562,000 

14 

50 

5,086,000 

13 

45 

4,178,000 

2 

40 ; 

2,714,000 


of samples in the various groups, do not check when taken 
separately but do check when arranged together as shown in 
table 5. 

The samples of milk scoring 50, 45 and 40 show a decrease in 
bacterial count. This is probably due to the fact that some of 
the inert types find the increased activity of the acid bacteria 
unfavorable. 
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TABLE 6 

Comparisons of the pH score 9 reductase grade and the bacterial plate count on 82 

samples of milk 


LABORA¬ 

TORY 

NUMBER 

pH 

8CORJB 

REDUCTASE 

BACTERIA PER 
CUBIC CENTI¬ 
METER BACTO 
A OAR, pH 6.8 

LABORA¬ 

TORY 

NUMBER 

pH 

SCORE 

REDUCTASE 

BACTERIA PER 
CUBIC CENTI¬ 
METER BACTO 
AGAR, pH 6.8 

1 

90 

Good 

10,000 

42 

45 

Fair 

175,000,000 

2 

80 

Good 

55,000 

43 

55 

Bad 

65,000,000 

3 

80 

Good 

50,000 

44 

55 

Very bad 

2,000,000 

4 

95 

Good 

10,000 

45 

45 

Bad 

60,000,000 

5 

80 

Good 

120,000 

46 

35 

Very bad 

140,000,000 

6 

55 

Fair 

1,500,000 

47 

75 

Fair 

1,800,000 

7 

75 

Fair 

300,000 

48 

55 

Bad 

75,000,000 

8 

80 

Good 

160,000 

49 

45 

Very bad 

120,000,000 

9 

95 

Good 

85,000 

50 

45 

Bad 

110,000,000 

10 

90 

Good 

80,000 

51 

45 

Bad 

45,000,000 

11 

95 

Good 

110,000 

52 

45 

Very bad 

160,000,000 

12 

50 

Good 

3,000,000 

53 

45 

Bad 

80,000,000 

13 

95 

Good 

6,000 

54 

50 

Bad 

30,000,000 

14 

90 

Good 

20,000 

55 

35 

Very bad 

50,000,000 

15 

75 

Fair 

6,000 

56 

50 

Fair 

4,000,000 

16 

95 

Good 

100,000 

57 

45 

Very bad 

840,000 

17 

90 

Good 

25,000 

58 

55 

Fair 

35,000 

18 

80 

Good 

35,000 

59 

55 

Fair 

220,000 

19 

65 

Good 

40,000 

60 

55 

Fair 

420,000 

20 

95 

Good 

10,000 

61 

55 

Fair 

9,000,000 

21 

90 

Good 

24,000 

62 

50 

Fair 

84,000,000 

22 

85 

Fair 

220,000 

63 

55 

Fair 

42,000 

23 

80 

Good 

80,000 

64 

55 

Fair 

660,000 

24 

85 

Good 

30,000 

65 

55 

Fair 

460,000 

25 

75 

Good 

500,000 

66 

35 

Very bad 

84,000,000 

26 

80 

Good 

30,000 

67 

50 

Fair 

280,000 

27 

95 

Good 

16,000 

68 

50 

Bad 

1,200,000 

28 

50 

Bad 

65,000,000 

69 

55 

Fair 

30,000,000 

29 

40 

Very bad 

110,000,000 

70 

50 

Bad 

1,500,000 

SLM 

45 

Very bad 

50,000,000 

71 

45 

Bad 

700,000 

31* 




72 

50 

Bad 

850,000 

32 

45 

Very bad 

160,000,000 

73 

90 

Good 

300,000 

33 

35 

Very bdd 

175,000,000 

74 

50 

Fair 

100,000 

34 

40 

Very bad 

90,000,000 

75 

50 

Fair 

980,000 

35 

45 

Very bad 

125,000,000 

76 

45 

Bad 

2,000,000 

36 

45 

Very bad 

70,000,000 

! 77 

45 

Bad 

40,000,000 

37 

50 

Very bad 

45,000,000 

78 

50 

Bad 

2,500,000 

38 

50 

Very bad 

65,000,000 

79 

85 

Fair 

40,000 

39 

35 

Very bad 

180,000,000 

80 

55 

Fair 

700,000 

40 

55 

Fair 

5,000,000 

81 

55 

Fair 

500,000 

41 

55 

Fair 

6,000,000 

82 

55 

Fair 

250,000 


"Plate contaminated. 
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This table does not include the nine samples of milk in group 
III which were incubated at 37°F. or the two samples of pasteur¬ 
ized milk in group I. 

A matter, closely related to the above, is some comparisons 
which were made between the pH method, the reductase test, 
and the official plate count of bacteria in milk. In this work 
there are 82 samples of milk which were tested by the three 
methods. The plating technique was that given in the Fourth 
Edition of “Standard Methods of Milk Analysis,” published by 
the American Public Health Association. The reductase test was 
that given as a provisional method in the same publication. 
Methylene blue tablets sold by the National Aniline and Chemical 
Company were used. Correction as to the strength of the 
methylene blue solution was noted. 

The results are recorded in table 6. 

A study of the data reveals the fact that the pH method cor¬ 
relates as well with the average bacterial count as does the re¬ 
ductase test. The following parallel comparisons will show this. 


n , . .. Average oaciena 

Reductase votings • Pgr centimeter 

Good (24 samples). 204,000 

Fair (24 samples). 6,104,000 

Bad (15 samples). 38,583,000 

Very bad (18 samples). 100,000,000 

pH score ratings: 

Good. 68,000 

Fair. 529,000 

Bad. 19,000,000 

Very bad. 90,000,000 


Looking at the individual ratings the following facts are 
brought out: 

2 samples classified as good by reductase test had excessively high counts 
20 samples classified as fair by reductase test had excessively high counts 
0 samples classified as poor by reductase test had low counts 
0 samples classified as very poor by reductase test had low counts 

2 samples classified as good by pH score had excessively high counts 

3 samples classified as fair by pH score had excessively high counts 
3 samples classified as poor by pH score had low counts 

0 samples classified as very poor by pH score had low counts 
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SUMMARY 

1. When plating methods are used, no one medium should be 
expected to give results which indicate correctly the condition 
of all grades of milk. 

2. The pH score proved more efficient as a means of detecting 
slight changes in the history of milk than did the plating methods 
tried. 

3. The methods as a whole were efficient in detecting slight 
changes in the history of the samples as follows: 

In samples with bacterial counts under 25,000—45.8 per cent 
efficient. 

In samples with bacterial counts between 25,000 and 100,000— 
71.4 per cent efficient. 

In samples with bacterial counts between 100,000 and 1,000,000 
—85.0 per cent efficient. 

In samples with bacterial counts over 1,000,000—97.0 per cent 
efficient. 

It seems that the medium giving highest average counts 
depends upon the predominant groups present in the sample 
studied. This may account for divergent results obtained by va¬ 
rious workers. 

4. In 81 comparisons of the pH score with the reductase rat¬ 
ings and the bacterial plate counts, the pH score checked as well 
with the number of bacteria per cubic centimeter as did the re¬ 
ductase rating, although neither is an absolute measure of the 
bacterial content. 
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INFLUENCE OF TWO PLANES OF FEEDING AND CARE 
UPON MILK PRODUCTION* 

T. E. WOODWARD 

Bureau of Dairy Industry, United States Department of Agriculture, 
Beltsville, Md. 

When testing for the Advanced Registry and the Register of 
Merit was started at the dairy experiment station of the Bureau 
of Dairy Industry a number of years ago, it was noticed that the 
cows when on test produced a great deal more milk than they 
did when milked and fed only twice a day and otherwise managed 
in much the same way that any good dairyman might take care 
of his herd. This led to some specific experiments with certain 
animals to ascertain how much increase might be expected by 
keeping them under test conditions, and also to the tabulation 
of data regarding other animals which in the ordinary course 
of events were found to have made yearly records under each 
of the two conditions called for convenience “test” and “herd.” 

In brief, the test conditions were as follows: Keeping the cows 
in boxstalls, milking three times a day, feeding three times a day, 
feeding a large quantity of alfalfa hay and a small quantity of 
silage, feeding somewhat in excess of requirements as computed 
from the common feeding standards, feeding beet pulp, breeding 
to freshen about fifteen months from previous calving, and 
allowing no pasture. The herd conditions in the main were 
as follows: Keeping the cows in stanchions, milking twice a day, 
feeding tw’ice si day, feeding smaller quantities of hay and a 
generous amount of silage, feeding only slightly more nutrients 
than called for by the standards, feeding no beet pulp, breeding 
to freshen about twelve months from previous calving, and 
allowing pasture to some of the cows. 

Twenty-two cows included in this study have completed 
records under both conditions. One has made four records, six 
have made three records, while each of the remainder have made 

♦ Received for publication March 7, 1927. 
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TABLE 1 

Comparison of herd and test conditions 
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two records. Of the 52 records, 27 were made under test con¬ 
ditions and 25 under herd conditions. When a cow had more 
than one record under the same conditions, the records were 
averaged before a comparison with the record under the other 
set of conditions was made. The production of milk and butter- 
fat was corrected for age by applying Clark’s (1) factors to both 
the Holsteins and Jerseys under herd conditions, Gowen’s (2) 
factors to Holsteins under test conditions, and Graves and 
Fohrman’s (3) figures to Jerseys under test conditions. 

While all the test records were for 365 days some of the herd 
records, because of approaching parturition, were somewhat 
less than this. The length of period used in these calculations 
was the same for the two conditions and was determined by the 
time the cows continued to give milk under herd conditions. The 
average length of period, therefore, was 346.5 days instead of 
365 days. Although it was realized that making calculations in 
this way worked to the disadvantage of the test cows, still it was 
thought that carrying the records for a full year with the herd 
cows dry part of the time would give undue weight to the in¬ 
fluence of pregnancy. The average number of days from concep¬ 
tion to the end of the records as shown in this report was 109 
days for the test cows and 134 days for the herd cows. Since 
the difference in the length of time that the calves were carried 
was only 25 days, it is believed that the matter of pregnancy 
exerted but little influence on the results as given. 

The weights of the cows in the regular herd were taken for 
three consecutive days on the first, second, and third days of 
each month; the weights of the test cows were taken on these 
same days and also on the fifteenth, sixteenth, and seventeenth 
of each month. The weights as reported are an average of such 
three days as were believed to represent most accurately the 
weights at the beginning and end of the test. 

The grain mixture for the test cows was for the most part made 
up as follows: 200 pounds ground oats, 150 pounds linseed meal, 
75 pounds cottonseed meal, 100 pounds gluten feed, 100 pounds, 
hominy feed, 100 pounds wheat bran, and salt at the rate of 1 
per cent. The grain mixture for the herd contained less protein 
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and no gluten feed. It was made up of 100 pounds ground oats, 
50 pounds linseed meal, 50 pounds cottonseed meal, 100 pounds 
hominy feed, 100 pounds wheat bran, and salt at the rate of 1 
per cent. The hay was at least average quality for Eastern 
alfalfa, and any small difference in quality was in favor of the 
test cows. The silage was made from corn and was uniformly 
good. The pasture was a mixture of grasses and clovers with 
orchard grass predominating. It varied in quality, being good 
early in the summer and fair later in the season. 

The following facts are shown in table 1: The cows on test 
gained more in body weight than those under herd conditions, 
which was to be expected in view of the more liberal feeding of 
the test cows. The percentage of butter fat in the milk was 
unchanged. The average actual production for test cows was 
12,446.6 pounds milk and 544.67 pounds butterfat, and for herd 
cows 8,776.8 pounds milk and 384.74 pounds butterfat. The 
average increase of test cows over herd cows, as shown by the 
corrected figures, is 51.2 per cent milk and 49.5 per cent butter¬ 
fat. By leaving out one abnormally high cow (no. 91) and one 
abnormally low cow (no. 441) the averages are 49.8 per cent milk 
and 47.8 per cent butterfat. 

As a rule the greater the production the greater the profit, 
but this applies to animals kept under similar conditions and 
does not necessarily hold in the present study. It is a matter of 
prime importance for the dairyman to know the conditions under 
which his cows yield him the greatest profit. The following 
discussion has this as its object. 

The average prices paid at this stations for feed and bedding 
for the past five years are as follows: 


Wheat bran. 

. $32.79 per ton 

Linseed meal . . 

.... 52.49 per ton 

Cottonseed meal . 

51.74 per ton 

Hominy feed. ... ... 

. 36.50 per ton 

Ground oats. 

. . . .42.71 per ton 

Dried beet pulp . 

.. . . 41.43 per ton 

Gluten feed. 

. 47.04 per ton 

Alfalfa hay. 

. .... 29.90 per ton 

Wheat straw. 

. 14.04 per ton 

Corn silage. 

. 8.00 per ton 

Pasture per cow. 

. 0.12 per day 
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The labor has been estimated at 40 cents a day for the test 
cows by assuming that a man who is paid $4.00 for a ten-hour 
day will milk and care for 10 test cows. It has also been esti¬ 
mated from the work at the station and from correspondence 
with dairymen that the cost of milking and caring for a cow in 
the regular herd is about one-half that required for a test cow. 
The bedding required for a cow in a boxstall is about 13 pounds 
of straw every day; while only 4 pounds is needed for a cow con¬ 
fined in a stanchion, and that amount is needed only during 
the winter. The value of the milk has been estimated at 30 
cents and 40 cents a gallon, and the profits are figured on the 
basis of both prices. 

From tables 1 and 2 it will be noted that under the conditions 
which prevailed at this station when the value of the milk is 

TABLE 2 

Comparison of profits jrom 22 cows kept under test conditions and fiom the 
same cows under herd conditions when milk sells at 40 cents and 
SO cents a gallon 



COST OF 
FEED 

COST OF 1 
LABOR 

COST OF 
BEDDING 

TOTAL 
COST OF 
PRODUC¬ 
TION 

VALUE 
OF MILK 

AT 40 
CENTS A 
GALLON 

PROFIT AT 
4C CENTS 
A GALLON 

VALUE OF 
MILK AT 
30 CENTS 
A GALLON 

PROFIT AT 
30 CENTS 
A GALLON 

Test. 

15,108.39 

$3,048.80 

$605.59 

$8,852.78 

$12,732.84 

$3,880.06 

$9,556.47 

1703.W 

Herd. 

3,373.10 

1,524.40 

98 78 

4,996.28 

8,978.68 

3,982 40 

6,738 84 

1,742.86 


figured at 40 cents a gallon it makes little difference in the total 
profits whether cows are kept under test or herd conditions. 
However, if the milk is figured at 30 cents a gallon the cows 
under herd conditions show considerable greater profit. The 
higher the price of milk and the lower the cost of feed and labor, 
the more favorable the test conditions appear. At the prices 
which prevail here for feed and labor, milk selling for more than 
40 cents a gallon will show more profit for test conditions, while 
milk at less than 40 cents will show more profit for herd 
conditions. 

Possibly a better way to estimate the profit from cows kept 
under test conditions as compared with those under herd con- 
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Increased cost 
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ditions is to find the amount of extra feed and labor required, 
and then from the difference in production find the cost of the 
extra production per gallon of milk or pound of butterfat. Table 
3 shows four sets of costs varying from those which might obtain 
in some sections where the farmer raises practically all his feed 
for cows to those where the dairyman buys all his feed except 
pasture. By using that set of conditions which most nearly 
applies to his own case, the dairyman can estimate fairly well 
whether it will pay him to give his animals test-cow care. 

DISCUSSION OF RESULTS 

This investigation shows that cows kept under the test con¬ 
ditions which prevail at the Beltsville Station yield approxi¬ 
mately 50 per cent more milk and butterfat than cows kept 
under herd conditions. This is an important point to remember 
in buying stock on the basis of records. A 400-pound record 
under herd conditions is equal to 600 pounds under test conditions. 

The quantity of production, the cost of feeding and caring 
for the cows, and the value of the product determine whether or 
not it will pay to give cows the same care as if on test. With 
cows such as were used in this work it is obvious that test-cow 
care and feeding will not pay if the product is to be disposed of 
for butter making even if both feed and labor are cheap. Since 
the labor cost per unit of product is greater with lower producing 
cows, it is evident that the poorer the cows the less likely is the 
test-cow care to be profitable. As the price of the product increases 
the stronger becomes the likelihood of test conditions being 
profitable. Doubtless some dairies which receive high prices 
for milk could increase their profits by giving their herds test- 
cow care and feed. In general, however, the herd method of 
caring for cows is the more profitable. 

A great deal has been written about the cost of running a cow 
on yearly test. Under the conditions of this experiment it is 
shown that if a dairyman receives 40 cents a gallon for 4.4 per 
cent milk at the bam and the average yield is around 550 pounds 
of butterfat a year, about the only cost of testing is that of the 
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supervisor. If a dairyman receives 30 cents a gallon the cost 
of testing each cow will be about $50 in addition to the cost of 
the supervisor. 
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A GRAPHICAL METHOD OF PROPORTIONING AND 
STANDARDIZING ICE CREAM MIXES* 

WALTER V. PRICE 

Department of Dairy Industry, Cornell Univrsiiy, Ithaca, New York 

This graphical method of proportioning an ice cream mix is 
believed to be simple, rapid, and of special value, because it 
illustrates the principle underlying all methods of standardizing. 

To illustrate the use of the method it will be assumed that a 
desired mix is to have 10 per cent fat, 11 per cent msnf, 14.5 per 
cent sugar, and 0.5 per cent gelatine, and that it must weight 
3000 pounds. 

The available milk products have the following compositions: 


MILK PRODUCT 

PAT 

MBNP 


per cent 

per cent 

Cream. 

30.0 

6.3 

Milk. 

4.0 

$ 8 

Condensed milk. .1 

1.0 j 

27.0 


The number of pounds of sugar and gelatine are calculated as 
usual: 

3000 pounds of mix X 14.5 per cent sugar * 435.0 pounds of sugar 
3000 pounds of mix X 0.5 per cent gelatine = 15.0 pounds of of gelatine 

Total = 450 pounds of products not milk 

The pounds of fat and milk solids not fat are determined in the 
same manner as the sugar and gelatine: 

3000 pounds of mix X 10.0 per cent fat = 300 pounds of fat 

3000 pounds of mix X 11.0 per cent msnf = 330 pounds of milk solids not fat 

The pounds of milk products in the mix are determined by 
deducting the pounds of products not milk from the total amount 
of mix. 

3000 pounds of mix — 450 pounds of sugar and gelatine « 2550 pounds of 

milk products 


* Received for publication August 1, 1926. 
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In the 2550 pounds of milk products, which will be made up 
of cream, milk, and condensed milk, there will be 300 pounds of 
fat or 

300 

—~ X 100 = 11.764 per cent fat 

2550 

and 330 pounds of msnf or 

300 

- X 100 = 12.941 per cent milk solids not fat 

2550 

The graph used with this method of proportioning the mix is 
illustrated in figure 1. The per cent of fat is plotted on the 
vertical axis and milk solids not fat on the horizontal axis. The 
composition of the cream is shown on the graph by the point 
A. The compositions of the milk and condensed milk are 
represented by the points B and C respectively. The per cent 
of fat and milk solids not fat desired in the 2550 pounds of milk 
products is indicated by the point D. Points A and B, when 
connected with a straight line, form the line AB, which represents 
the compositions of all the possible mixtures which can be made 
by combining cream and milk of the compositions A and B. A 
straight line drawn through the points C and D and extended 
intersects the line AB at E. The point E, according to the 
estimate made from its location on the graph, indicates the 
composition of a mixture of milk and cream with 15.82 per cent 
fat and 7.66 per cent msnf. The line CE represents the com¬ 
positions of every possible combination of the 15.82 per cent 
milk and cream mixture and the 1.0 per cent condensed milk. 
Since the point D is obviously the composition of one of these 
possible mixtures, and since D also represents the composition 
desired in the 2550 pounds of milk products, it follows that the 
mix can be made by combining the 15.82 per cent mixture of the 
milk and cream with the 1.0 per cent condensed milk. 

The next step in the procedure is to determine the pounds of 
the milk and cream mixture and condensed milk which combined 
will make 2550 pounds of mix containing 11.764 per cent fat. 
The pounds of milk and cream necessary to make the amount of 
15.82 per cent mixture required for combination with the con¬ 
densed milk can then be calculated. 




0 2 4 6 6 to i 2 14 16 tQ 20 22 24 26 26 30 

PER CENT OF MILK SQLIDS NOT FAT 

Fig. 1. Graph for Proportioning and Standardizing Ice Cream Mix 
This graph was drawn on Keuffel and Esser standard cross section milli¬ 
meter paper using the scale: 10 millimeters « 1.0 per cent. 


of the milk products have been correctly plotted on the graph. 
This simplifies the problem to a great extent because any method 
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for standardizing for fat alone can be used to proportion the 
ingredients of the mix. 

The steps in the calculations by the Pearson Square Method 
are as follows: 

1. Calculate the pounds of 15.82 per cent milk and cream 
mixture and 1.0 per cent condensed milk necessary to make 2550 
pounds of 11.764 per cent mix. 


15.82 


10.764 unit parts of 15.82 per cent milk-cream mixture 


\l.7(H // 
/ \ 


1.0 


4.056 unit parts of 1 0 per cent condensed milk 


14.820 unit parts of 11.764 per cent mix 


Pounds of condensed milk 4 056 
2550 ~ 14 820 

4.056 

Pounds of condensed milk = X 2550 = 697.89 pounds 


The pounds of condensed milk deducted from the total num¬ 
ber of pounds of milk products leaves the pounds of milk and 
cream necessary in the mix. 

2550 pounds of milk products — 697 89 pounds condensed milk = 1852.11 pounds 
of milk and cream testing 15.82 per cent fat 


2. Calculate the pounds of 30 per cent cream and 4 per cent 
milk necessary to make 1852.11 pounds of milk-cream mixture 
testing 15.82 per cent fat. 


30 


11.82 unit parts of 30 per cent cream 


\ 5 . 82 // 
/ \ 


14.18 unit parts of 4 per cent milk 

26J00 unit parts of 15,82 per cent milk-cream mixture 


Pounds of cream __ 11.82 
1852711 * 26.00 

Pounds of cream - = 842 01 P ounds 

The pounds of cream deducted from the pounds of milk-cream 
mixture required in the mix leaves the pounds of milk necessary. 
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1852.11 pounds of milk and cream—842.01 pounds of cream=1010.10 pounds of 

4 per cent milk 

Proof of calculations in pounds 



' 

MATERIALS 

TAT 

MSNF 

SUGAR 

GELA¬ 

TINE 

Condensed. 

697.89 

6.979 

188.433 



Milk. 

1010.10 

40.404 

53.046 



Cream. . 

842.01 

252.600 

88.889 



Sugar. 

435 00 



435 


Gelatine. 

15.00 




15 

Total. 

3000.00 

299 983 

330.368 

435 

15 

Percent. ... 

100.00 

9 999 

11 012 

14 5 

0.5 


It may happen that a mix which contains wrong amounts of 
fat and milk solids not fat must be corrected by proper combina¬ 
tion with other milk products. 

Assume that the 3000 pounds of mix whose formula has already 
been proportioned contains 10.54 per cent fat and 11.90 per 
cent msnf, 14.5 per cent sugar, and 0.5 per cent gelatine, and 
that the milk products available for adjusting the mix to the 
desired composition of 10.0 per cent fat, 11.0 per cent msnf, 
14.5 per cent sugar, and 0.5 per cent gelatine are the same as 
those used to make the original mix. 

It is necessary to know first the per cent of fat and milk solids 
not fat in the milk products portion of the 3000 pounds of in¬ 
correct mix. 

3000 pounds mix X 10 54 per cent fat — 316.2 pounds of fat 

3000 pounds mix X 11.90 per cent msnf = 357 0 pounds of milk solids not fat 

It has been shown that this 3000 pounds of mix contains 14.5 
per cent sugar and 0.5 per cent gelatine as the only ingredients 
not milk products and that there are, therefore, 2550 pounds of 
milk products in the mix. Since the milk products portion of 
the mix is the only source of milk fat and milk solids not fat, 
then in this 2550 pounds portion of the theoretically sugar and 
gelatine free mix the per cent of fat will be: 


816.2 

- - -- X 100 « 12.4 per cent fat 
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and the per cent of milk solids not fat will equal: 
357.0 


2550 


X 100 = 14.0 per cent msnf 


The calculations for the original correct miv show that the 
2550 pounds of milk products should contain 11.764 per cent fat 
and 12.941 per cent msnf. It is necessary, therefore, to add 
cream and milk to the incorrect mix. The reason for this particu¬ 
lar selection of materials will be mentioned later. If the com¬ 
position of the milk products portion of the incorrect mix is 
plotted on the graph, it will fall at point F. If the line deter¬ 
mined by the points F and D is drawn from F through D, it will 
intersect the line AB at G. The point G represents on the 
graph the composition of a mixture of 30 per cent cream and 
4 per cent milk containing 8.89 per cent fat and 8.30 per cent 
msnf. 

The procedure explained in connection with the proportioning 
of the first mix is followed again in this standardization. 

1. Calculate the pounds of 8.89 per cent milk-cream mixture 
necessary to add to 2550 pounds of 12.4 per cent mix to give a 
mixture testing 11.764 per cent. 


12 40 


2 874 unit parts of milk-cream mixture 


N 'll.764 / | 

/ \l 


8.89 


0 636 unit parts of milk products portion of incorrect mix 


The total number of pounds of milk-cream mixture necessary 
to standardize the 2550 pounds of the theoretically sugar and 
gelatine free mix will be: 


2550 

2.874 


X 0 636 = 564 3 pounds of milk-cream mixture testing 8.89 per cent fat 


2. Combine the 30 per cent cream and the 4 per cent milk to 
make 564.3 pounds of a mixture testing 8.89 per cent fat: 

30.0 4 89 unit parts of cream 


X 1 


4.0 


21.11 unit parts of milk 


26.00 unit parts of milk-cream mixture 
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There axe 564.3 pounds of milk-cream mixture required, 
therefore: 

564 3 

-- X 4.89 * 106.13 pounds of cream 

26.00 

and 

564.3 

—— X 21.11 * 458.17 pounds of milk 
26.00 


The summary 0} the calculations in pounds 



MATERIALS 

FAT 

M8NF 

Incorrect mix. 

3000.00 

316.20 

357.00 

Cream. 

106.13 

31 83 

6.68 

Milk. 

458 17 

18.33 

40.32 

Total. 

3564.30 

366.36 

404.00 


Only 10 per cent of fat is desired in the corrected mix which, 
if it contains 366.36 pounds of fat, must weigh: 

366 36 

- : — X 100 = 3663.6 pounds of corrected mix 

1 A A r 


There are 3000 pounds of this mix which contains the desired 
amount of sugar and gelatine, leaving an excess of 663.6 pounds 
of the new mix still requiring sugar and gelatine. The amounts 
of each are calculated, as usual: 

663.6 pounds excess mix X 14.5 per cent sugar — 96.22 pounds of sugar 
663.6 pounds excess mix X 0.5 per cent gelatine « 3.32 pounds of gelatine 


The proof of the calculations in pounds 



MATERIALS 

FAT 

M8NF 

SUGAR 

GELATINE 

Incorrect mix . 

3000.00 




15.00 

Cream... 

106.13 

31.83 




Milk. 

458.17 

18.33 




Sugar.. . .,— 

96.22 



96.22 


Gelatine.*.. 

3.32 




3.32 

Total. 

3663.84 

366.36 



18.32 

Per cent. 

100.00 

10.00 



0.5 


The form of graph illustrated in this explanation has one or 
two interesting characteristics and applications. The line AE 
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and EB might be measured in units of length and the amounts 
of milk and cream calculated by the proportions: 

Pounds of milk Length of AE 
Pounds of mixture Length of AB 

In the same way the amounts of condensed or milk-cream 
mixture can be calculated by measuring the proper lines on the 
graph: 

Pounds of condensed milk Length of ED 
Pounds of milk products Length of EC 

In selecting the milk products to be used to standardize an 
off batch of mix, the procedure is not involved. The straight line 
drawn from the point representing the composition of the milk 
products portion of the incorrect mix through the point of com¬ 
position of the desired mix will intersect the line drawn between 
the two points representing the compositions of the two milk 
products which alone can be used to balance the incorrect mix. 
When the addition of water alone is necessary to adjust the mix, 
this same straight line, if extended, will pass through the origin 
of the graph, that is, 0.0 per cent fat and 0.0 per cent milk solids 
not fat. 

In practice, cross section paper mounted on a large drawing 
board can be used to good advantage; since a large graph is more 
accurate than a smaller one, when properly ruled. The points 
representing the compositions of the milk products can be fixed 
by inserting glass headed pins into the graph at the proper 
points. The lines can be quickly and accurately shown by 
stretching fine black thread between the pins. This procedure 
does not interfere with the accuracy of the method and makes it 
possible to use the graph for a long time without changing the 
paper. 



ON THE CALCULATION OF THE FREEZING POINT 
OF ICE-CREAM MIXES AND OF THE QUANTITIES 
OF ICE SEPARATED DURING THE FREEZING 
PROCESS* 


ALAN LEIGHTON 

Research Laboratories, Bureau of Dairy Industry, United States Department of 
Agriculture, Washington, D. C. 

In studying the physics of ice-cream freezing and in calculat¬ 
ing refrigeration constants for ice-cream work, it is desirable 
to be able not only to calculate the freezing points of ice-cream 
mixes but also to determine the quantity of ice that may be 
separated from the mix at any temperature. Making certain 
allowable assumptions, it is possible to calculate these values 
with considerable accuracy. 

Van Slyke (1) gives the composition of the average milk as 
follows: 

per cent 

Fat. 3.9 

Milk solids. 8.99 

Lactose. .... 49 

Protein .,. .32 

Salts .. . . 0 89 

Water.87.11 

Because milk is an animal secretion it is of necessity isotonic 
with the blood of the animal from which it comes. This means 
that the freezing point of milk is a fairly constant value, which 
for cow’s milk may be taken as — 0.55°C., or in other words, the 
freezing point of milk is 0.55°C. lower than that of water. 

By employing the usual formula for obtaining the molecular 
weight of an un-ionized substance from the depression of the 
freezing point of a solvent it can be calculated that the milk sugar 
accounts for 0.306°C. of the normal freezing-point lowering of 
milk and that 0.244°C. is caused by the combined action of the 
milk salts, protein, fat, etc. Not taking into consideration the 

♦Received for publication November 12, 1926. 
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very small effect of the fat and protein upon the freezing point of 
milk, it is found from these data that the apparent molecular weight 
of the milk salts is 78.6, a figure which will be of considerable 
value in the calculations given later in this paper. 

The molecular weight formula is as follows: 



In this formula A represents the freezing point depression in 
degrees Centigrade; K the constant, depending on the molecular 
weight of the solvent (for water 18.0); G the weight of dissolved 
substance in 100 grams of water; and M its molecular weight. 

From the analysis of milk previously given, it is seen that there 
are 4.9 parts of lactose to 87.11 parts of water, which is equivalent 
to 5.63 parts of lactose to 100 parts of water. The substitution 
of the values in the molecular weight formula gives the following: 


A = 0.306 

* For the purposes of this paper Van Slyke is considered to have expressed 
the lactose content of milk in terms of anhydrous lactose rather than in those 
of the monohydrate. 

Subtracting 0.306 from 0.55 gives 0.244, the depression of the 
freezing point of water due to the salts of milk. By again using 
the molecular weight formula, the apparent molecular weight 
of the salts can be calculated by substituting 0.244 for A and, 
since there are 0.899 part salts to 87.101 parts water, or 1.032 
parts salts to 100 parts water, by substituting 1.032 for G: 

M «= K — 

A 


M * 18.6 


1.032 

0.244 


M - 78.6 
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From the molecular weight formula and from a knowledge 
of the composition of an ice-cream mix, the depression of the 
freezing point of the mix that is caused by the salts can be 
calculated. 


TABLE 1 


Freezing point lowering of cane sugar solutions 


FARTS CANS SUGAR TO 
100 PARTS WAT IB 

PER CUNT CANS SUGAR 

LOWERING 

LOWERING RUE TO 

1 PART CANE SUGAR 

3.59 

3.47 

•c. 

0.21 

0.05 

6.85 

6.41 

0.40 

0 05 

10.84 

9.78 

0.65 

0.06 

15 83 

13 67 

0 95 

0.06 

19.80 

16.53 

1.23 

0.06 

22.58 

18.42 

1.37 

0.06 

25.64 

20.41 

1.58 

0.06 

28.51 

22.19 

1.77 

0.06 

32.22 

24.37 

1.99 

0.06 

35.14 

26.00 

2.15 

0.06 

37.86 

27.46 

2.33 

0.06 

43.72 

30.42 

2.71 

0.06 

45.62 

31.33 

2.82 

0.07 

50.02 

33.35 

3.13 

0 07 

54.74 

35.37 

3.47 

0.07 

59.46 

37.29 

3.81 

0 07 

64.55 

39.23 

4.22 

0.07 

69.74 

41.09 

4.60 

0 07 

75.91 

43.15 

5.07 

0 07 

82.35 

45.16 

5.65 

0.07 

88.67 

47.00 

6.11 

0.07 

95.94 

48.97 

6.76 

0.07 

102.70 

50.65 

7.38 

0.07 

111.30 

52.67 

8.06 

0.07 

121.00 

54.75 

9.02 

0.07 

131.60 

56.82 

9.93 

0.07 

143.10 

58.86 

10.90 

0.07 

153.80 

60.60 

11.69 

0.08 

165.60 

• 62.35 

12.72 

0.08 

181.70 

64.49 

13.80 

0.08 


The other ingredients of the mix that will affect the freezing 
point are the two sugars, sucrose and lactose. By using the 
method previously given, it would be possible to calculate the 
freezing-point depression of an ice-cream mix caused by these 
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sugars if it had not been shown (2) that sucrose in concentration 
does not obey the freezing-point law. To find the freezing- 
point depression then, it is necessary to calculate the total sugar 
concentration of an ice-cream mix, on the water basis, and refer 
to the actual freezing-point curve for cane-sugar solutions, 
which has been worked out quite carefully by Pickering (3) and 



Parts C&ne Sugar to 100 Parts of S&tsr 

Fig. 1. Freezing-Point Depressions of Cane Sugar Solutions 

checked by P. N. Peter (4) of these laboratories. By adding 
to this freezing-point depression the depression caused by the 
salts, a very close approximation of the true freezing point of the 
mix is obtained. 

Two ass umptions have been made here which have not ,r et 
been proved experimentally: First, that the freezing-point dt 
pression caused by the salts obeys the freezing-point law, which 
is probably true because of the moderately concentrated solutions 
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encountered; second, that mixtures of lactose and cane sugar, 
where lactose is present in moderate amounts, will closely follow 
the freezing-point curve of pure cane sugar in water solution, 
because the molecular weight of the lactose (anhydrous) is the 
same as that of cane sugar. 

The simplest way of testing the validity of these assumptions 
is to calculate and determine experimentally the freezing points 
of some actual ice-cream mixes. For this calculation the pre¬ 
ceding method can be simplified somewhat. 

Multiplying the number parts milk solids not fat in the mix by 
0.545 gives the lactose content. Adding to this the cane-sugar 
content, multiplying by 100 and dividing by the number parts 
water give the number parts sugar per 100 parts water. This 
may be expressed as follows: 

(Milk solids not fat X 0.545 -f Sucrose) 100 

\y^ter-~-~ BU 8 ar t0 water 

Referring then to the freezing-point curve of sugar, the corre¬ 
sponding freezing-point depression (A) is found. 

Dividing the number parts milk solids by ten gives the'salts 
content of the mix. Multiplying by 100 and dividing by the 
water content give the number parts salts to 100 parts water, 
and this multiplied by 18.6 and divided by 78.6 give the freezing- 
point depression of the salts. This may also be expressed as 
follows: 


M.S.N.F. X 100 X 18.6 
10 X Water X 78.6 


Freezing point depression due to salts ( B ) 


or 


M.S. N.F. X 2.37 
Water 


A + B » Total Lowering 

These formulas are now applied to the calculation of the 
freezing points of several ice-cream mixes made up in such a 
way that the only difference between them is in the water con¬ 
centration. This is done in order to calculate and check the 
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freezing-point curve of a certain basic mix which had the follow¬ 
ing concentration: 

parts 

Total solids.36.03 

Fat. 12 5 

Sugar (sucrose) .14 0 

Milk solids not fat. 9 53 

Water.63.97 

By concentration in the vacuum pan, samples of this mix 
were made which had one-eighth, one-quarter, three-eighths, and 
one-half of the water removed. The freezing points of these 
concentrations were determined with the Beckman thermometer 
in a standard freezing-point apparatus and define the freezing 


TABLE 2 

Results of calculations and measurements of freezing points of experimental 

ice-cream mixes 


NUMBER 

FAT 

M.S.N F 

CANE 

SUGAR 

WATER 

TOTAL 

SUGAR 

TO 

100 IhO 

F P 
PEP 
DUE TO 
SUGAR 

A 

F P 

PEP 
PUE TO 
SALTS 

B 

CAL 

F P. 

(!) 

F P 

1 

parts 

12 5 

parts 

9 53 

parts 

14.00 

parts 

63 97 

parts 

30 00 

1.90 

0.35 

-2.25 

-2.29 

O 

12 5 

9 53 

14.00 

55 98 

34.29 

2 12 

0.40 

-2.52 

-2.54 

3 

12 5 

9 53 

14 00 

47.98 

40.00 

2.47 

0 47 

-2.94 

-3 02 

4 

12.5 

9 53 

14.00 

1 40.00 

! 47.86 

2.98 

0.56 

-3 54 

-3 62 

5 

12.5 

9.53 

14.00 

! 31.99 

60.00 

3 83 

0.71 

-4.54 

-4.49 


point curve of the basic mix. Table 2 gives the results of these 
measurements as well as of the calculations made by the formulas 
previously outlined. 

It will be seen that there is a very fair agreement between the 
calculated values and those obtained experimentally. 

Experiments appear to justify fully the assumption that the 
temperature of freezing of an ice-cream mix concentrated in the 
vacuum pan is the same as the equilibrium temperature that 
must be attained when the unfrozen portion of the partially 
frozen unconcentrated mix has the same concentration as the 
vacuum-prepared sample. These experiments seem to show 
that ice-cream mixes can be moderately concentrated in the pan 










Parts of Water Present 

Fig. 2. Freemng-Point Depressions op Mixes Plotted against Water 

Concentration 



farts Water Removed as Ice* 

Fig. 3. Quantities of Ice Separated from Experimental Mix at Different 

Temperatures 
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and rediluted to normal concentration without any apparent 
effect upon the physical properties of the mix. 

In figure 2 is plotted the freezing point depressions of the ex¬ 
perimental mixes against the water concentrations. In figure 
3 the freezing points are plotted against the portions of water 
removed from the basic mix. This latter curve can be used to 
determine the quantity of ice that may be separated from the 
ice-cream mix at any freezing temperature. The best way 
therefore, to determine the quantity of ice that may be separated 
from any mix at any temperature is to calculate the freezing 
points of the mix at a number of concentrations, then to plot 
the freezing-point water-removed curve and from this to estimate 
the quantity of ice that is frozen out at any one temperature. 

Two questions would now r naturally arise. First, with the 
supercooling of the mix in the freezer, how can the equilibrium 
temperature be determined? Second, may milk sugar crystalliz¬ 
ing in the freezer invalidate our calculations, since these cal¬ 
culations are really based upon the assumption that ice is the 
only material to be thrown out in solid form during the period 
that the mix is in the freezer? 

Unpublished experiments carried out by 0. E. Williams and 
the author show that if a small portion of ice cream is removed 
from the freezer and its temperature determined, this sample is 
no longer supercooled and the temperature is very close to the 
equilibrium temperature. This is true because the quantity of 
ice separating to attain equilibrium after the portion is removed 
from the freezer is negligible. 

In answer to the second question it can be said that the tend¬ 
ency of lactose to crystallize in the freezer will probably be 
very slight. This conclusion is reached from the following con¬ 
sideration. Hudson (5) has shown that when lactose is in equi¬ 
librium in solution, one part is in the hydrated form and one and 
one-half parts in the anhydrous form. The anhydrous form is 
very soluble. When lactose crystallizes, the hydrate deposits, 
some of the anhydride turns to hydrate and also deposits, the 
rate of separation then being governed by the rate of trans¬ 
formation, which at low temperatures is shown to be very slow. 
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The most concentrated mix considered here has about sixteen 
parts of lactose to 100 parts of water. At —4.5°C. probably 
about nine parts are soluble. This would mean that our solution 
is supersaturated to at least seven parts. However, since at 
least four of these are in the anhydrous form, this solution, while 
it is potentially supersaturated to at least seven parts, is ac¬ 
tually supersaturated to but three. In view of the great tendency 
(6) of lactose to supersaturate, it seems unlikely that any should 
crystallize in the freezer. Even if this should happen, calculation 
shows that the resultant error in determining the quantity of 
ice that would be frozen at this temperature (—4.5°C.) is about 
one per cent. At higher temperatures this error would be pro¬ 
portionately less. 

In giving the method for calculating the freezing points of ice¬ 
cream mixes and in showing how the quantity of ice that may 
be separated from a mix at any temperature in the freezer can 
be determined, no reference has been made to the effect of fla¬ 
voring material on the freezing point of the basic mixes. How¬ 
ever, if the water concentration, freezing point, and quantity 
of flavoring material added to the mix are known, the effect on 
the freezing points of the basic mixes may be calculated by the 
principles outlined in this paper. Allowance must be made if 
any milk product used in making the mix is low in lactose content. 
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SOFT CHEESE INVESTIGATIONS* 

JULIUS CHARLES MARQUARDT 
New York Stale Agricultural Experiment Station, Geneva, New York 

INTRODUCTION 

The literature contains only few and incomplete references to 
the manufacture of cream cheese. This is a definite variety of 
cheese; the process having been evolved from the modification 
of other soft cheese methods. In consequence, it is possible at 
present to find this cheese made by different methods; and the 
result is that our commercial cream cheese varies in quality. 

Regardless of the method employed, the cream cheese manu¬ 
facturers desire a smooth texture and mild flavored cheese. The 
processes employed at the present time have been perfected with 
these two objectives in view. 

SCOPE OF PRESENT INVESTIGATION 

The studies recorded were conducted to observe the methods 
and result of certain phases of soft cheese making. For these 
observations it was necessary to prepare curds by numerous 
methods. The studies relating to soft cheese in general were 
conducted with curds prepared by a Neufchatel process or this 
process slightly modified. 

The development of a smooth texture and a mild flavor in 
cream cheese were the objectives of paramount value in this work. 
It was also essential in the cream cheese studies to develop a 
cheese which could be sliced. These points were investigated 
with curds prepared by a cream cheese process or this process 
slightly modified. Process modifications were employed only in 
order to obtain added knowledge of methods investigated. For 
this reason some of the analyses made for comparative purposes 
do not conform to the normal composition of soft cheese varieties. 

* Published with the approval of the Director. Received for publication 
June 20,1926. 
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In the recording of data the composition of the milk or cream 
and the composition of the resulting cheese and whey were re¬ 
corded for each series under observation. In each series a com¬ 
plete record of the work was recorded. 

Milk and cream varying widely in fat content were used during 
the investigation. Process modification could be observed to 
better advantage by allowing a wide range of fat content of the 
milk and cream. For example, setting temperature variation in¬ 
fluences could be observed more closely in milk than in cream. 

The milk and cream used were analyzed for total solids. Fat 
determinations were made by the Rose-Gotlieb method. A rec¬ 
ord was also made of the age, temperature, flavor, and source 
of the milk. For each lot of cheese 35 or 50 pounds of milk or 
cream were used. 

Curds were analyzed for total solids and fat. Curd yields and 
quality were recorded. Whey analyses for total solids and fat 
were made. Due to unavoidable mechanical losses the pounds 
of whey plus curd did not equal the pounds of milk or cream used. 
To avoid further mechanical losses the curds were not subjected 
to pressure. 

Homogenization pressures as affecting the resulting curd were 
studied. The size of fat globules and their influence upon the 
cheese process were included with the homogenization studies. 
This also included observations on the clumping properties of the 
fat globules. 

Series of skimmed milk were homogenized in order to determine 
whether or not homogenization would produce a smooth curd from 
milk in the absence of fat. 

Rennet variations, the use of commercial cutures, and the 
temperature limits for setting the milk and cream were studied. 

Textures, flavors, and keeping quality of the cheese as related 
to the composition of the milk or cream were investigated. 

Pasteurization variations and their influence upon the resulting 
cheese and whey were investigated. Low and high pasteurization 
temperatures were employed with low and high fat content milk 
and cream. The results of the variations upon the cheese texture 
were very significant. 
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Several commercial brands of cream cheese were analyzed dur¬ 
ing the investigation. A report of their composition, texture, 
flavor and keeping quality is recorded. 

A cream cheese process was perfected from the studies con¬ 
ducted at the Station. This method was compared with two 
methods used by the industry at the present time. An attempt 
was made to perfect the method commonly employed in draining 
the curds in cheese-cloth bags. 

SOURCES OF MILK AND CREAM 

All the milk used in the work was obtained from the Station 
herd. The cream was also obtained from the Station milk supply. 
The Station milk used averaged over 5 per cent milk fat, and 
more than 15 per cent of total solids. This explains the large 
yields obtained under certain trial conditions as the curds were 
not subjected to pressure as previously stated. 

EQUIPMENT USED 

The heat treatment of milk was done in a Creamery Package 
Horizontal coil pasteurizer. A Burrell surface cooler was also 
used during the heating and cooling process. 

A small Gaulin homogenizer was used for all the homogeniza¬ 
tion work. 

Standard shot gun cans were employed in setting the milk. A 
simple drain rack was designed to hold the curd from three lots 
of milk. 

The drain sacks were made of cheese-cloth. A close study 
revealed that this cloth was made of threads 0.28 mm. wide with 
spaces between them 0.34 mm. square. 

The analytical work was performed with standard equipment 
and according to methods described in Standard Methods of Milk 
Analysis or in the Official and Tentative Methods of Analysis of 
the Association of Agricultural Chemists. 
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EXPERIMENTAL 
Effects of homogenization 

Five series were prepared for the expressed purpose of studying 
the homogenization of milk and its effect upon the resulting 
products. In each series a normal milk was compared with milks 
homogenized at 2500 and 4500 pounds pressure. For all com¬ 
parisons reported in this work, unless otherwise stated, the milk 
was pasteurized at 145°F. (62.8°C.) and held for thirty minutes. 


TABLE 1 

Showing averages of five series of cheese prepared to compare influences 
of homogenization 


FACTORS STUDIED 

HOMOGENIZATION PRESSURE 

None 

2500 pounds 

4500 pounds 

Per cent milk fat in milk. 

6 06 

6 06 

6.06 

Per cent solids in milk. 

15.88 

15.88 

15.88 

Per cent curd yield... 

26.37 

28.25 

32.00 

Per cent fat in curd. 

18.24 

20.41 

18.88 

Per cent solids in curd. 

36.79 

41.26 

39.19 

Per cent whey yield. 

70.30 

69.00 

67.82 

Per cent fat in whey. *. 

0.98 

0.11 

0.08 

Per cent solids in whey. 

8.34 

7.73 

7.89 

Cheese texture (Av.). 

Coarse 

Medium 

Medium 

Cheese flavor (Ay.). 

Clean 

smooth 

Clean 

smooth 

Clean 

Cheese flavor (after 15 days at 40°F.) 
(Av.). 

Clean-acid 

Clean 

Clean 


All milk passed through the homogenizer at 130°F. (54.4°C.) 
unless otherwise.designated. 

The major points of interest can be easily followed in the 
recordings of table 1. 

Table 2 has been prepared to show further the variations due 
to homogenization. In this table the results represent the aver¬ 
ages of 18 batches of cream cheese prepared to study homogeni¬ 
zation influences. 
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Of particular interest were the studies conducted at pressures 
below 2500 pounds. The practical value of establishing a mini¬ 
mum pressure was very important. The point at which drainage 
was very rapid and fat losses in the whey not excessive was used 
as a guide in studying minimum homogenization pressures. In 
this relationship it was established that the beneficial influences 
of homogenization was completely lost at a pressure below 750 


TABLE 2 

Showing average of series of cream cheese prepared to study homogenization 
influences upon low and high fat content cream 


FACTORS STUDIED 

PER CENT FAT IN CREAM 

6.05 

10 88 

14.12 

17 47 

26 50 

Homogenization pressure 






in pounds . . 

2500 

2500 

2500 

2500 

2500 

Per cent solids in cream... 

15.88 

19 46 

22 98 

25 46 

No anal- 






ysis 

Per cent curd yield . 

28 25 

31 00 

38 00 

50.60 

58 60 

Per cent fat in curd 

20 41 

37.50 

No anal- 

No anal- 

No anal- 




ysis 

ysis 

ysis 

Per cent solids in curd . 

41.26 

47.75 

45.50 

! 44 83 

No anal- 






ysis 

Per cent whey yield 

69 00 

68.50 

61 50 

49.00 

41 50 

Per cent fat in whey .. 

0.11 

0.21 

0 22 

0 20 

1.19 

Per cent solids in whey 

7.73 

7.32 

7.67 

7 50 

8 23 

Cheese texture (Av.) ... * 

Medium 

Medium i 

Smooth 

Very 

Very 


smooth 

smooth 


smooth 

smooth 

Cheese flavor (Av.) .. 

Clean 

Clean 

Clean 

Clean 

Clean 

Cheese flavor (after 15 




i 

! 


15 days at 40°F.) Av ... 

Clean 

Clean 

Clean 

Clean 

Clean 


pounds. At 1500 pounds pressure the beneficial influences of 
homogenization were noticeable in part. 

Skim-milk was homogenized at low and high pressures. It was 
not possible through homogenization to improve the texture of a 
curd prepared from skimmed milk. 

The endeavor to associate the variations due to homogenization 
with the reduced size of fat globules has been summarized in 
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table 3. The figures show that smooth texture and reduced size 
of fat globules resulted from homogenization. It could not be con¬ 
cluded, however, that smooth texture and reduced size of fat 
globules due to homogenization were directly related. This point 
was investigated further in connection with the composition and 
additional homogenization trials. An attempt was made to as¬ 
sociate smooth texture with size of fat globules, extent and size 
of fat clumps, and fat content of the cream in these trials which 
are reported under the composition studies. 

The average size of fat globules was reported as 4.82 microns 
in diameter for the Station Jersey milk during a previous investi¬ 
gation. 1 The average size of fat globules was reported in this 


TABLE 3 

Showing the relationship of homogenization to fat globule size and cheese texture 


FACTORS STUDIED 


Number of fat globule measurements 

averaged. 

Average size of fat globules in microns.. 
Percentage of fat globules larger than 
average for normal milk used . . .. 

Cheese texture. 


HOMOGENIZATION PRESSURE 


None 

2500 pounds 

4500 pounds 

500 

500 

500 

3 88 

1.56 

0.97 

54.20 

3 40 

0 00 

Coarse 

Smooth 

Very smooth 


study as 3.88 microns in diameter. Although this could have 
been explained as a normal variation in size, it was attributed to 
the fact that fat globules were measured in raw milk for the first 
investigation. In this work the fat globule measurements were 
made with pasteurized milk. 

From the studies conducted it was possible to determine that a 
homogenization pressure of 2000 pounds or above produced the 
desirable smooth* texture of the cheese. From a microscopic 
study it was possible to determine that a homogenization pressure 
which reduced the diameter of the fat globules 50 per cent or more 
was sufficient to produce the desirable influence of homogenization 

1 A. C. Dahlberg and J. C. Marquardt. 1924. Filtration and Clarification of 
Milk. N. Y. Agr. Exp. Sta., Tech. Bui. 104. 



SOFT CHEESE INVESTIGATIONS 


315 


in producing a smooth texture in the cheese. It was also dis¬ 
covered to be essential to have a pressure of 2000 pounds or more 
in order to reduce the losses of fat in the whey. 

Effect of rennet variations 

Nine comparisons indicated that variations in the amounts of 
rennet used in milk did not materially affect the initial drainage 
of whey from the curd. Excessive amounts of rennet, however, 
had the deterimental effect of giving the drained curd a rather 


TABLE 4 

Showing the results of varying the amounts of rennet in nine hatches of milk 



RATE OF RENNET TER 1000 POUNDS OF MILK* 

FACTORS STUDIED 





1 5 CC 

20 cc. 

6b CC 

Per cent milk fat in milk 

5 46 

5 46 

5 46 

Per cent solids in milk 

15 37 

15 37 

15 37 

Per cent curd yield 

31 75 

32 75 

33 40 

Per cent fat in curd 

IS 25 

18.20 

IS 20 

Per cent solids in curd 

34.08 

33.91 

32 43 

Per cent whey yield 

64 50 

! 

66 00 

66 50 

Per cent fat in whey 

0 07 

0 06 

0 12 

Per cent solids in whey 

7.24 

7 33 

7 34 

Cheese texture (Av.) 

Smooth 

Smooth 

Smooth 

Cheese flavor (Av.) 

Cheese flavor (after 15 days at 40°F ) | 

Clean 

Clean 

Clean 

(Av ) j 

Clean 

Clean 

Clean 


* It was noted throughout the work that very small amounts of rennet produced 
a satisfactory curd when set at 72°F. for twelve to eighteen hours. 


dry appearance and in some trials caused a lumpy curd. The 
tabulated averages of the rennet comparisons are given in table 4. 
The rennet variations reported in table 4 were held within 
definite limits required to form a curd from milk held at 72°F. 
(22.2°C.) for twelve to eighteen hours. The milk for these com¬ 
parisons was homogenized at 2500 pounds pressure. 

It was observed that a more uniform curd was obtained in the 
homogenized milk than in the milk which was not homogenized. 
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This was true because the homogenized milk was homogeneous 
and allowed the culture and rennet to act equally upon all portions 
of the milk. The upper layer of the unhomogenized milk con¬ 
tained more fat than the lower layer. As a result the culture and 
rennet acted upon two layers of varying composition. This 
terminated in difficulties during the drainage process. Excessive 
fat losses and a cheese of uneven texture resulted. This con¬ 
dition was observed with milk but trials reported towards the 
close of this project indicated that these conditions do not hold 
uniformly for cream. Unhomogenized cream heated to 180°F. 
(82.2°C.) and held for thirty minutes produced a smooth texture 
cheese. The fat losses in the whey, however, were excessive. 
Apparently the heavy creams did not divide into distinct upper 
and lower layers thus causing the unusual rennet and culture 
action noted with milk. Likewise, the excess fat in the cream was 
sufficient to produce a cheese of smooth texture, regardless of 
heavy fat losses in the whey. 

Effect of commercial culture variations 

The improper use of commercial cultures in the manufacture 
of soft cheese proved to be the leading factor in producing off-type 
curds. Texture, flavor, and keeping quality were affected equally 
by improper use of pure cultures. 

In the cream cheese investigations it was deemed desirable to 
add sufficient culture to the milk or cream to control flavor with¬ 
out the development of a strong acid reaction. Although this was 
a delicate point in the case of milk or cream set with rennet, it was 
established by using a culture that titrated 0.6 to 0.8 per cent 
expressed as lactic acid being titrated with a tenth normal sodium 
hydroxide solution. Cultures with a reaction above or below 
these limits were*not satisfactory. 

A curd with an expressed acid reaction of 0.2 to 0.5 per cent 
gave the most satisfactory results. Curds below this limit usually 
developed an off flavor, whereas higher acid curds regularly devel¬ 
oped into a slightly sour cheese. 

Curds and whey were not changed in composition as a result 
of culture variations. Some curds prepared without a culture 
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400 cc 

5 72 
15.34 

30 00 

38.57 

68 00 
0.09 
7.30 

Smooth 
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Sour 
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5.72 

15.44 

31.00 

18.00 

35 26 
64.00 

0 05 

Smooth 

Clean 

Sour 

100 cc 

5.72 

15.44 

30.00 

18.00 

34.80 

65 00 
0.08 

Smooth 

Clean 

Sour 

clean 
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5 62 
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40.30 
73.00 

0.13 

7.71 

Slightly 

coarse 

Clean 

Slightly 

sour 

cJ 

o 

•ft 

<N 

5 51 

14 15 

23 00 
21.50 

42 47 

77 00 

0.20 

7.74 

Slightly 

coarse 

Clean 

Mild clean 

20 cc 

5.72 

15 34 

28 00 

38 34 
69.00 
0.11 
7.46 

Smooth 

Clean 

Mild 

clean 

10 cc 

5 51 
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22 00 

43 94 

78 00 

0 19 

7 73 

Slightly 

coarse 

Mild 

Mild clean 
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developed bitter flavors. Flavor control was possible by using 
10 to 25 cc. of culture per 1000 pounds of milk. Greater amounts 
of culture reduced the quality of the cheese due to acid 
development. 

The proper use of cultures improved the flavor of the curds. 
Cultures, however, did not influence the texture of the curds in a 
beneficial manner. 

The studies of milk and cream of different composition indicated 
that an increased fat and solid content tended to inhibit the 
development of acid flavors. 

The above comments will probably indicate more regarding the 
use of cultures than can be obtained from table 5. 

Effect of setting temperature changes 

These studies showed that a temperature from 68° to 72°F. 
(20° to 22.2°C.) was most desirable for a proper curd and acid 
formation. This temperature was selected from the consideration 
of developing a proper curd in twelve to eighteen hours with 
rennet. 

The results showed that higher temperatures were very detri¬ 
mental to the quality of the cheese when a proper curd was de¬ 
sired in twelve to eighteen hours. This was not true with cream 
cheese set without rennet “but set with a culture only. Tempera¬ 
tures below 68°F. (20°C.) produced no objectionable condition in 
the curds. Employing a temperature below 68°F. (20°C.) had 
no advantage and added materially to the length of time required 
to form a satisfactory curd. Low temperatures of setting also 
introduced a factor of slow and irregular drainage of the whey 
from the curd. 

Throughout the work the importance of maintaining definite 
temperature control was evident. Rising temperature in the 
curd during setting favored the production of a granular curd, 
and excess acid development. With rennet curds, the action of 
the rennet upon the curd was too severe and caused excessive 
drainage as a direct result of too high a setting temperature. 

It was further noted that allowing the temperature to fall below 
the normal limits caused difficulties in making the cheese. At 
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sub-normal temperatures the curds appeared to be properly firmed 
for heating and draining. In such cases, however, upon the 
application of heat, it was noticed that the curds were slightly 
too soft. Although this condition could be controlled to produce 
a favorable cheese in the majority of cases by slowing the heating 
process, it introduced factors which made the process very bur¬ 
densome to the maker. 

Composition investigations 

The composition of the milk or cream constituted the first 
factor in determining the nature of the resulting product in soft 
cheese making. In cottage cheese the typical granular texture 
was due to a low milk fat content in the original milk used. It 
was recognized that an increase in milk fat or a physical treatment 
as homogenization tend to destroy this texture in the manufac¬ 
tured cream cheese. 

The makers of cream cheese were confronted with the problem 
of obtaining a smooth texture by the addition of milk fat and the 
employment of physical means. The problem of determining the 
limitation of these methods has been considered in this work. 

It has been observed that increasing the homogenization pres¬ 
sure decreases the loss of fat in whey. And further, that increas¬ 
ing the homogenization pressure hinders the separation of whey. 
To overcome the slow drainage the curd was heated. There was, 
however, a very definite point beyond which the curd could not 
be heated. 

The viscosity of the milk or cream was affected by the tempera¬ 
ture of homogenization. 

Experimental results favored homogenization of milk at a 
temperature of 130° to 140°F. (54.4° to 60°C). Homogenization 
above these limits resulted in a reduced viscosity, and promoted 
difficulties in drainage. Employing temperatures below 130°F. 
(54.4°C.) increased the viscosity, and likewise introduced difficult 
problems in drainage. 

Although it was more difficult to drain the whey from cream 
homogenized below 130°F. (54.4°C.), it was found desirable with 
cream of low viscosity to homogenize at temperatures as low as 
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110°F. (43.3°C.). This introduced the factor of slow drainage, 
but it insured a smooth textured curd. 

The physical nature and treatment of the milk or cream were 
considered at the same time composition studies were conducted. 

The studies with milk and cream of varying percentages of milk 
fat showed that a cream containing from 15 to 18 per cent milk 
fat resulted in a smooth pleasant flavored cheese of good keeping 
quality. Cream containing more than 18 per cent milk fat 
caused excessive fat losses in the whey, and in some cases it was 
very difficult to obtain a proper separation of whey. 

TABLE 7 


Showing relationship of fat content of cream to size of fat globules and size and num¬ 
ber of fat clumps as related to cheese texture 


FACTORS STUDIED 

percentage of fat in 

CREAM 

8.42 

13.69 

17 72 

Homogenization pressure in 




pounds .... 

2500 

2500 

2500 

Number of fat globule measure- 




ments averaged 

200 

200 

200 

Average size of fat globules . 

1.68 

1.87 

2.05 

Number of fat clumps per 100 




single fat globules counted .. 

44 

50 

63 

Average size of fat clumps in 




microns 

(3.4 X 4.9) 

(5 X 6.7) 

(7.6 X 8.9) 

Cheese texture. 

Coarse 

Smooth 

Very smooth 


In table 6 are recorded the findings of varying the composition 
of the milk or cream. Twenty batches of cheese were studied for 
these comparisons. 

The size of fat globules and the size of fat clumps and their 
number were recorded in connection with the composition studies. 
The data s ummar ized in table 7 indicated that the size of fat 
globules and the percentage of fat present control the smooth 
texture of the cream cheese. The summary of table 3 shows that 
for milk and cream of like fat content there was an apparent 
direct relationship between the small fat globules due to homo¬ 
genization and smooth texture of the cheese. It was not possible 
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to associate the size of fat clumps and their number with the 
smooth texture of the cheese. From table 7 it was possible to 
deduct that the size and number of fat clumps were related in a 
direct proportion to the amount of fat in the cream. The factors 
responsible for increased clumping were not investigated as the 
results did not associate smooth texture with size and number of 
fat clumps. 

Heat treatment and its relationship to the cheese 

In order to aid further in the production of a smooth texture 
in cream cheese and to facilitate the drainage of whey with mini¬ 
mum fat losses, heat treatment studies were conducted. The 
first point studied related to the temperature of heating the cream. 
The second study concerned itself with the heating of the curd. 

The procedure of heating the milk or cream to 145°F. (62.8°C.) 
and holding for thirty minutes had a marked influence upon the 
flavor and keeping quality of the cream cheese. It did not, how¬ 
ever, affect the texture of the cheese. It was necessary to heat 
the milk or cream to 180°F. (82.2°C.) and hold for ten minutes 
before a noticeable change in texture occurred. It was further 
noted that heating cream as high as 180°F. (82.2°C.) and holding 
for twenty to thirty minutes improved further the texture of the 
cheese. Although a temperature of 180°F. (82.2°C.) held for ten 
minutes or less fulfilled the requirements for pasteurization regu¬ 
lations, it was deemed advisable to increase the holding time 
twenty to thirty minutes. By this practice the additional small 
but positive improvement in texture was obtained. These results 
were observed with curds that formed at 72°F. (22.2°C.) in twelve 
to eighteen hours. 

An attempt was made to produce a cheese of smooth texture 
without homogenization by heating cream containing 18 per cent 
fat to 180°F. (82.2°C.) and holding for thirty minutes. It was 
possible to produce the desired smooth texture in cheese made 
from unhomogenized cream by pasteurizing at 180°F. (82.2°C.) 
and holding for thirty minutes. But the fat losses in the whey 
from unhomogenized cream were excessive as previously noted 
in table 1 relating to the observation of milk. Increasing the 
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pasteurization temperature did not reduce the fat losses in whey 
drained from curds of unhomogenized cream. 

High temperature pasteurization produced a soft curd and 
required special treatment to facilitate drainage. This in turn 
resulted in a cream cheese with a very plastic smooth texture. 
Curds that appeared very soft and mushy required heat treatment 
for drainage. No definite procedure or temperature could be set 
for this purpose. Gentle agitation and the gradual application of 
heat were essential for producing desirable drainage. 

It was found necessary to cool the milk or cream to 130° to 
140°F. (54.4° to 60°C.) before homogenization in order to control 
the viscosity. Cream homogenized at a low temperature was 
very viscous and drained slowly, as previously noted. High 
viscosity cream always produces a smooth curd. 

The experimental results indicated that a curd heating as high 
as 96°F. (35.6°C.) was necessary to facilitate whey drainage. It 
was also determined that the time of cooking varied widely under 
different conditions. As a rule it required from two to four hours 
of cooking in order to drain the curds with a high milk fat content. 

In special cases where the cream cheese was set with a culture 
and no rennet, it was required to increase the cooking temperature 
from 96'F. (35.6°C.) to as high as 110°F. (43.3°C.) before proper 
drainage was possible. 

Cream set at 86°F. (30°C.) with normal amounts of culture and 
rennet required heat treatment to facilitate drainage. These 
curds formed in four to six hours and never required a temperature 
above 96°F. (35.6°C.) to facilitate drainage. 

Analyses of commercial cream cheese 

In an endeavor to establish the composition of commercial 
cream cheese several samples were purchased and analyzed. 
These analyses are reported in table 8. The figures in this table 
indicated that the desirable texture and flavor were obtained in 
cheese made from high fat content cream. In two cases, however, 
this was not true. Although samples 5 and 6 in table 8 had the 
proper texture, they were off-flavor and yeasty. This condition 
was due either to the use of low grade raw materials, storing the 
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cheese at a high temperature, or keeping the cheese over too long 
a period. The importance of using excellent raw material and 
not subjecting the cheese to improper temperature or holding it 
too long were factors essential in the production of an excellent 
quality cheese. 

These cheese varied widely in composition, texture, and flavor. 
In consequence, their price also covered a wide range. Needless 
to say, the cheese with a very smooth slightly sticky texture 
demanded the highest price. 

The author has also analyzed samples of cream cheese contain¬ 
ing fats other than milk fat. Although these foreign fats pro¬ 
duced a very smooth texture, their effect upon the flavor of the 
cheese was detrimental. The presence of foreign fats in cream 
cheese can be detected by observing the size and appearance of 
fat globules. This is not a perfect method of detection and cannot 
be relied upon in cases when the foreign fat has been homogenized. 
It can be employed to advantage, however, in a general study 
of the product with reference to the addition of foreign fats to 
the finished cheese and the efficiency of homogenization. After 
the microscopic examination chemical means were used to estab¬ 
lish the presence of foreign fats. The addition of foreign fats to 
cheese is adulteration and should not be practiced. 

Cream cheese methods compared 

Two methods commonly employed in the manufacture of cream 
cheese were compared with the method developed at the Station. 
The first method required 180°F. (82.2°C.) for thirty minutes for 
pasteurization. The cream was homogenized at 140°F. (60°C.) 
and 1800 pounds pressure. The cream was set at 75°F. (23.9°C.) 
with 1 cc. of rennet per 600 pounds of cream. The following 
day, when the soft jelly-like curd was formed, the curd was 
gently stirred and heated from 94° to 96. °F. (35° to 35.6°C.). 
Rivulets of whey on the stirring rod dipped into the curd indi¬ 
cated that the cooking was sufficient. At this point the curd 
was cooled to 50°F. (10°C.) and after an addition of 1 per cent 
salt, the curd was drained in bags. 

The second method varied from the above method in that the 
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cream was set at 00°F. (32.2°C.) with 0.25 per cent of culture 
without the addition of rennet. This method required cooking 
at 110°F. (43.3°C.) in order to facilitate proper drainage. 

The method developed at the Station required a cream con¬ 
taining 15 to 18 per cent and pasteurization at 180°F. (82.2°C.) 
for thirty minutes. The cream was homogenized at 110°F. 
(43.3°C.) and 2500 pounds pressure. The cream was set at 
72°F. (22.2°C.) with 10 to 25 cc. of culture and 1.5 to 20 cc. 
of rennet per 1000 pounds of cream. The condition of the milk 
determined the amount of culture and rennet used. After twelve 
to eighteen hours, according to the appearance of the curd, the 
curd was heated until ready for drainage. This heating required 
two to four hours, and a temperature varying from 94° to 110°F. 
(34.4° to 43.3°C.), depending upon the nature of the curd. Fine 
salt was incorporated in the drained curd at the rate of 1| pounds 
per 100 pounds of curd. 

The cream cheese made by the three methods was smooth in 
texture. It was necessary to control carefully the acid develop¬ 
ment in the cheese set w r ith a culture at a high temperature. 
Failure to do so resulted in a high acid curd of granular texture. 

The cheese set with rennet only developed a mild sweet flavor. 
The cheese made by the other methods developed a mild flavor 
that was distinctly different from the cheese made from cream set 
with rennet only. 

The practice in the first method described of cooling the cream 
to 50°F. (10°C.) before drainage was an added precaution to 
prevent fat losses in the whey. It was also an added precaution 
to prevent further acid and off-flavor development. The desira¬ 
bility of following this procedure was governed largely by the 
condition of the raw material and the facilities of cooling rapidly 
and conveniently. 

According to Fisk, 2 the practice in the first method described of 

2 The information regarding the addition of salt before drainage and cold 
drainage was obtained through the courtesy of Prof. Walter W. Fisk, Cornell 
University, Ithaca, N. Y. It was also through the courtesy of Professor Fisk that 
the information regarding the two commonly used methods for making cream 
cheese was obtained. 



SOFT CHEESE INVESTIGATIONS 


327 


adding 1 per cent of salt before draining was a precaution to 
prevent further acid development in the curd. 

Experiments conducted at the Station established this point by 
showing that the addition of salt hindered the development of 
lactic acid in milk. Only 2 per cent of salt was necessary to check 
the acid development in milk to which a culture had been added. 
The milk treated with salt and incubated at 72°F. (22.2°C.) for 
eighteen hours titrated less than 0.25 per cent expressed as lactic 
acid and titrated with a tenth normal sodium hydroxide solution. 
The control titrated over 0.S per cent with the same method of 
titration. Salt added to the control after the acid development 
had taken place did not alter the titration. The action of salt 
in checking acid development was further established by titrating 
the whey draining from salted and unsalted curds. 

It was necessary to use a fine salt when salting the drained curd 
according to the method developed at the Station. Both methods 
were satisfactory for incorporating salt in the curd. Excellent 
results were obtained by salting the drained curds when high 
grade raw materials were used. Salting before draining was 
found desirable when curds from inferior raw material were 
prepared. 


DISCUSSION 

The quality of soft cheese varieties can be improved by homog¬ 
enization and high pasteurization temperatures of the milk or 
cream. 

The texture of soft cheese can be improved by homogenization. 
Homogenization also reduces the fat losses in the whey. To 
improve the texture of the soft cheese and minimize the fat losses 
in the whey an homogenization pressure of 2000 pounds or more 
is required. Or, conversely, a pressure sufficient to reduce the 
diameter of the fat globules 50 per cent or more will aid in the 
production of the desired texture and minimize fat losses in the 
whey. 

Homogenization at a pressure of 4000 pounds or above further 
improves the texture of the cheese. It does not reduce the fat 
losses in vrhey more than a pressure of 2000 pounds. Difficulties 
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are encountered in attempting to drain curds produced from milk 
or cream homogenized above 4000 pounds pressure. 

Homogenization of milk at a temperature of 130° to 140°F. 
(54.4 to 60°C.) is essential to eliminate viscosity variations pro¬ 
duced at higher or lower temperatures which interfere with the 
proper drainage of the curd. Homogenization of cream at 110°F. 
(43.3°C.) is desirable to insure a smooth textured cheese. By 
increasing the viscosity of the cream, this homogenization tem¬ 
perature introduces the factor of slow drainage which is compen¬ 
sated by the assurance of a smooth curd. 

It is not possible to conclude that the smooth texture of soft 
cheese is directly related to the small sized fat globules resulting 
from homogenization. Nor is it possible to associate the size and 
number of fat clumps resulting from homogenization directly with 
the smooth texture of the resulting cheese. Cream cheese made 
from cream containing high percentages of fat is smoother in 
texture than a cheese made from a thinner cream, due to the 
additional fat. This is true regardless of the size of fat globule 
clumps and their number. 

Rennet variations influence the quality of soft cheese. Exces¬ 
sive amounts of rennet result in a dry-appearing cheese. Rennet 
action is more uniform on homogenized than on unhomogenized 
milk. This is not uniformly true with cream. Cream cheese set 
with rennet requires sufficient rennet to form a soft jelly-like curd 
at 72°F. (22.2°C.) in twelve to eighteen hours. One and five- 
tenths to 20 cc. of rennet per 1000 pounds of milk to which a 
culture is added is sufficient to produce the desired curd. This 
curd is formed in four to six hours when the setting temperature 
is raised to 86°F. (30°C.) and the maximum amount of rennet 
used. 

Neufchatel and cream cheese flavors are improved by the proper 
use of a commercial culture. Small quantities of culture are used 
to control off-flavor developments. Ten to 25 cc. of culture per 
1000 pounds of milk are required to control flavors in soft cheese. 
The use of excessive amounts of culture is deterimental, resulting 
in the development of sour curd, and also a granular condition 
of the curd. Cultures properly used have no effect upon the curd 
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texture. It was observed, however, that certain proportions of 
culture and rennet were responsible for a granular condition in 
the curd. 

Neufchatel and cream cheese are set at 68° to 72°F. (20° to 
22.2°C.) to produce the desirable curds in 12 to 18 hours. Tem¬ 
peratures below t>8°F. (20°C.) introduce subsequent drainage 
difficulties. Temperatures above 72°F. (22.2°C.) result in granu¬ 
lar and sour curds, when set twelve to eighteen hours. 

The fat content of milk or cream influences the texture and 
flavor of soft cheese. Fat content and homogenization are closely 
associated in controlling soft cheese texture. Cottage cheese is 
granular in texture, and this texture cannot be made smooth by 
homogenization, due to the lack of fat in the skimmed milk used. 

Neufchatel cheese texture is improved by homogenization of 
the milk. Homogenization of milk reduced the fat losses in the 
whey. 

A very desirable texture cream cheese results from high temper¬ 
ature pasteurization and homogenization of cream containing 15 
to 18 per cent fat. 

Pasteurization of milk or cream at 145°F. (62.8°C.) and holding 
for thirty minutes improves the flavor and keeping quality of soft 
cheese. Pasteurization of milk or cream at 180°F. (82.2°C.) and 
holding for ten to thirty minutes improves the flavor and keeping 
quality of soft cheese. This high temperature also has a beneficial 
influence of producing a smooth texture in the cheese at 72°F. 
(22.2°C.) for twelve to eighteen hours. It is possible with cream 
containing 18 per cent fat by pasteurizing at 180°F. (82.2°C.) and 
holding for thirty minutes to produce a smooth-textured cheese. 
This texture is equal in smoothness to a cheese prepared from 
homogenized cream. The unhomogenized cream subjected to a 
high pasteurization temperature caused excessive fat losses in the 
whey. 

Cream cheese prepared from cream containing 15 per cent or 
more fat set with culture and rennet, or with rennet only, requires 
special curd heating for drainage. It is necessary to heat the 
curd to 94° to 96°F. (34.4° to 35.6°C.) during a period of two to 
four hours to facilitate proper drainage. Cream cheese prepared 
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from cream containing 15 per cent more fat and set with a culture 
required a curd heating as high as 110°F. (43.3°C.) to facilitate 
proper drainage. 

Commercial brands of cream cheese usually contain 48 per cent 
moisture and 40 per cent fat. Foreign fats in cream cheese and 
the efficiency of homogenization are studied by the aid of the 
microscope. Chemical analyses are required to establish defi¬ 
nitely the presence of foreign fat in cream cheese. 

Cream cheese was made successfully by three methods. One 
method required rennet, the second method required a culture, 
while the third method, developed at the Station, required a cul¬ 
ture and rennet for setting the cream. 

For comparative purposes it was not found advantageous to 
drain the curds under pressure. Consequently, the yields and 
composition were not comparable to commercial cheese. 

Setting cream cheese with rennet only required absolute tem¬ 
perature control for the development of a proper curd. Cream 
cheese set with a culture developed a granular texture only when 
the acid development was high. The combined use of a culture 
and rennet gave the most satisfactory results in the formation of 
uniform curds. Cream cheese set with rennet only developed a 
mild sweet flavor. Cream cheese set with a culture, or with a 
culture and rennet, developed a mild flavor. This flavor was 
distinctly different from the flavor of the cheese set with rennet 
only. 

Cooling the curd to a temperature of 50°F. (10°C.) before drain¬ 
ing was an added precaution to prevent fat losses in the whey and 
the development of sour and off-flavors. 

The curd was successfully salted before or after drainage. The 
object of salting the curd before drainage was to check acid devel¬ 
opment. It was possible to salt drained curd successfully by 
using a fine salt according to the findings at the station. 



SOME OBSERVATIONS ON THE FREEZING POINTS OF 
VARIOUS CHEESES* 

PAUL D. WATSON and ALAN LEIGHTON 

Research Laboratories , Bureau of Dairy Industry , United States Department of 
Agriculture , Washington , D. C. 

Inquiries have reached this bureau relative to the freezing 
point of cheese, which, aside from its scientific importance, is of 
practical interest, particularly with regard to the storage and 
transportation of cheese in commerce. A search of the literature 
has revealed no information on this subject; consequently, some 
measurements have been made in this laboratory, the results of 
which are given below. Since the time available for this work was 
limited, only a small number of observations were possible, but 
it is thought that they are accurate and comprehensive enough 
to be of practical value. It may be said that the freezing point 
will vary with different specimens of the same kind of cheese, 
depending upon the moisture content and degree of ripening. 

Stiles (1) and Carrick (2) have discussed the theory of freezing 
and the potentiometric determination of the freezing point of 
various foods. 

APPARATUS 

The temperature was measured electrometrically by the use of 
standardized thermocouples with the cold or reference junction 
at 0°C. These thermocouples were made of No. 26, B. & S. 
gauge, copper-constantan wires. A Leeds and Northrup Type K 
potentiometer was used in connection with a Type R galvan¬ 
ometer placed in a Julius suspension. A compartment kept at a 
temperature of approximately — 18°C. served as the cold air bath 
freezing chamber. 

EXPERIMENTAL 

Small blocks cut from near the center of the cheese were used 
as samples. The bare metal thermocouples were buried in the 

• Received for publication November 11,1926. 
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center of each block about an inch from the surface. On account 
of the eyes in the Swiss cheese a sample was either ground fine and 
then compressed, or it was cut in halves, which were clamped 
together after the junction had been carefully placed between 
than. The samples were electrically insulated from each other 
and the ground by placing them upon glass plates in the freezing 
chamber. Readings of the potential were taken every five min¬ 
utes until freezing began. After that time they were taken at one 
or two minute intervals. Observations were made upon a number 


TABLE 1 

Shows freezing point and moisture content of standard varieties of cheese 


NAME OF CHEESE* 

FREEZING 

POINT 

MOISTURE 

CONTENT 

Cottage. 

°C. 

-1.2 

per cent 

78.7 

Cheddar (processed). 

-6.9 

38.8 

Limberger. 

—7. 4f 
—8.1 
-8.7 
—9.6f 
-10.0J 
-12.9 

44.4 

Picnic Swiss (processed). 

Brick (processed). 

Swiss (imported). 

Swiss. 

34.4 

Cheddar. 

33.8 

Roquefort. 

—16.3f 

39.2 


* The cheeses were all domestic with the exception of the imported Swiss, 
f These were checked by thawing curve values which did not differ from them 
by more that 0.2°C. 

t This is the average of three freezing and two thawing curve values, which did 
not vary more than 0.3°C. Only one of these curves is shown in figure 1. 


of cheeses during the thawing of the sample. Moisture deter¬ 
minations were also made upon a few of the cheeses. 

Data obtained from these observations are given in table 1 and 
the relation between the cooling curves of a number of standard 
varieties of cheese is shown in figure 1. 

DISCUSSION 

It is known that supercooling, or the lowering of the tempera¬ 
ture below the freezing point without ice formation, occurs in 
many substances. A little supercooling is -desirable in order to 
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show the suhse<iuent rise to the equilibrium point and to give 
}>ositive evidence of the initial ice formation. However, this 
supercooling effect and the marked lag in the rise in temperature 



following the initial solidification result in errors, the magnitude 
of which depends upon several factors, such as the size of the 
samples and their constitution. 

When solutions are supercooled the ice which iinally separates 
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as pure solvent decreases the volume of the remaining solvent, 
thereby increasing the concentration. In thawing, however, this 
process is reversed. For this reason freezing points determined 
by supercooling are likely to be lower than the true values, while 
those determined from the break in the thawing curves tend to be 
higher. Therefore, a close agreement between measurements 
made by both methods serves to confirm their accuracy. 

The fact that the supercooling which occurred was not exces¬ 
sive and the values were only about 0.2°( •. lower than those from 
the thawing curves indicated that the errors w’ere negligible. 
Therefore, no corrections were applied to the freezing points 
which were taken from the highest point on each curve on the 
rise after supercooling. 

The low freezing point of the Roquefort cheese is probably due 
to its relatively high salt content. 

REFERENCES 

(1) Stiles, Walter: Great Britain Food Investigation Bd. Spec. Kept. No. 7, 

(1922). 

(2) Garrick, D. B.: Cornell Agr. Exp. Sta. Mem. 81, December, 1924. 



THE EFFECT OF HEAT TREATMENT OF SKIM 
MILK UPON THE BAKINO QUALITY OF THE 
EVAPORATED AND DRIED PRODUCTS* 

GEORGE R. GREENBACK, MABEL O. KTEINBARGER, E. F. DEYSIIER 
AM) GEORGE E. HOLM 

Research Laboratories, Bureau of Dairy Industry, United States 
Department of Agriculture, Washington, D. C. 

It is well known that the heat treatment to which a raw milk 
is subjected affects the stability of its evaporated product to 
sterilization temperatures. This fact is made use of in the 
evaporated milk industry, where maximum stability and good 
body of the products are desirable qualities. In the case of 
condensed milks it has been found that “thickening” is favored 
if temperatures of forewarming near the boiling point tfre used. 1 
The phenomena which are concerned in these cases are probably 
the result of a change in the degree of hydration and in the degree 
of dispersion of the proteins in the products. 

With these facts in mind, as well as those relating to flour 
strength, it seems reasonable to suppose that the degrees of 
hydration and dispersion of the proteins, as indicated by the 
consistency or body of a product, might affect the property of a 
bread dough mix in baking. 

In addition to the heat treatment in the raw state, milk used 
in the manufacture of dry milk has the possibility of being further 
affected by the temperatures to which it is subjected in the manu¬ 
facturing process. 

EXPERIMENTAL 

Several preliminary experiments indicated that the water¬ 
holding capacity of the constituents of milk, as indicated by the 
body or viscosity of their solution, was not changed when the 
product was converted into the dry form. 

•Received for publication November 18, 1927. 

i Leighton, A., and Deysher, E. F. Proc. World’s Dairy Congress, ii, p.l27ft- 
84, (1923). 
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Two commercial samples of dry skim mik were selected which 
were known to have received different heat treatments before 
being reduced to a dry state. Samples of these dry milks were 
incorporated in bread dough mixes. Throughout the work the 
following formula was used in all baking tests: 

(/rams 

Flour.'. 325 

Sugar. 10 

Salt . 5 

Fat. 7 

Yeast. ..... . 10 

Dry skim milk. 13 

(4 per cent of weight of flour) 

Water—as per absorption 

Experiments to determine the correct amount of water to be 
used in each case revealed the fact that dry skim milk made from 


TABLE 1 

The effect of adding varying amounts of water to dough mixes containing 
different dry skim i milks 


ftAMPLE NO 1 


SAMPLE NO 2 


Baking number 

Water 

Volume of loaf 

Baking number 

| W nter 

Volume of loaf 


1 ' 1 ■ 

re 



rr 


1 

195 

1,885 

1 

195 

1.815 

2 

200 

1,870 

2 

| 200 

1,925 

3 

205 

1,920 

3 

205 

2,130 


213 

Not feasible 

4 

213 

1 2.085 


milk which had received the higher heat treatment (sample no. 
2 in table 1) seemed to impart to the dough a greater water¬ 
holding capacity than when made from milk which had received 
the lower heat treatment (sample no. 1). Experiments recorded 
in table 1 indicate that the dough made from sample no. 2 
yielded a loaf of greater volume and of better texture than that 
made from sample no. 1, when the water content was optimum 
for baking purposes in each case. 

The dough mix containing a dry skim milk of low heat treat¬ 
ment to which had been added 213 cc. of water was not feasible 
for baking because of its consistency. 
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After determining the optimum quantity of water to use with 
each dry milk, five bakings were made to determine the differ¬ 
ent heat treatments of the milk upon volume and texture of the 
loaf. Table 2 gives the results of these bakings. 


TABLE 2 

A comparison of the baking qualify of dough mixes in which different 
dry skim milks were used 


CHECK - 

— NO DRY BKIM MILK \DDED 

NO 1-1>HY SKIM MILK NO 1* 
ADDED 

NO 2— DIO BKIM MILK NO 2f 
ADDED 

Baking; 

number 

Volume 
of loaf 

Weight 

Text ure 

Volume 
of loaf 

Weigh* 

Texture 

Volume 
of loaf 

Weight 

Texture 


rc 

grama 


cc 

grams 


[ rr j 

gram w 


1 

2.000 

477 

Good 

1,865 

496 

Good-f- 

2,085 

496 

Good-f- 

2 

2,050 

47.) 

( rood 4“ 

1.940 

494 

Good-f- 

2,130 

494 

Good 

3 

2,020 

479 

Good-f- 

1,920 

497 

Good — 

2,085 

491 

Good-f- 

4 

2,010 

477 

Good +- 

1.850 

491 

Good-f 

2,055 

496 

Good 

5 

1.990 

473 

Good 

1,885 

496 

Good — 

2,110 

503 

i 

Good-f- 


* Received a relatively low heat treatment in the manufacture, 
f Received the higher heat treatment in the manufacture. 


In this table are given also the results of check bakings wherein 
no dry skim milks had been incorporated into the dough mixes. 
Figure 1 shows the increase in loaf volume and in break and shred 
of the loaf when sample no. 2 is used. 



Fio. 1 . Showing the Break and Shred and Relative Volume 
Increase of Loaf When Sample No. 2 Is Used 

The addition of dry skim milk from sample no. 1 has no ma¬ 
terial beneficial effect upon the loaf except to increase its weight 
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over that of the check loaf. On the contrary, there seems to be 
a slight binding action when sample no. 1 is used. The 
weights of the loaves containing samples no. 1 and 2 are approxi¬ 
mately equal. 

The results reported in table 2 are representative of those ob¬ 
tained in a number of bakings in which various dry milks were 
used. They also show that the conditions to which milk is 
subjected prior to and in the manufacturing process affects the 
quality of its powder for baking purposes. 

The variation in the water-holding capacities of dough mixes 
containing different dry milks (table 1) should manifest itself 
in the viscosity or body of a solution of the dry milk. Forty 
per cent solutions were therefore prepared and their relative 
viscosities determined, 2 as shown in table 3. 

TABLE 3 

Showing I ha t (dative visrosities of forty par cen f solution s* of the si tuples of dry 
shim milks used in baking tests (table 2) 

SAMPLE NO 1 R4MPLB \0 2 

2 50-3 00 25 0 33 0 

In the same concentration of solids sample no. 2 shows a marked 
increase in viscosity over that of sample no. 1. 

In order to ascertain the relative values of various tempera¬ 
tures of heat treatment and to correlate heat treatment of a 
milk, viscosity of its concentrated solution and baking quality, 
fresh skim milk was heated in a water bath for different lengths 
of time at the chosen temperatures and condensed to approxi¬ 
mately 40 per cent solids. Relative viscosities were determined 
upon each of the samples at 40 per cent, 30 per cent, and 20 per 
cent concentration “of solids. The results are plotted in figure 2. 

The results indicate that heating a milk for a short time at 

2 The values given in table 3, and plotted in figures 2 and 3, were obtained 
with a viscosimeter of the Ostwald type, and hence the term, “relative viscosi¬ 
ties” is used. The shape of the curves indicate, however, that structural 
properties are dealt with at the higher concentration and therefore properties 
of plastic flow are concerned. 
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85° or 95°C. lias a marked effect upon the body of the product 
when reduced to 40 per cent solids. The effect is not so notice¬ 
able at 75°(\ To obtain a marked increase in viscosity the 
time of heating at this temperature seems to be about four hours. 
A temperature of G5°('. apparently has little effect upon the 
viscosity even after four hours of heating. The shapes of the 
curves for the different temperatures readily explain the reason 



7V<?/ Sofute 


Fm. 2 . Showimi the Rkl\tivk Vi.ncosities of Various Concentrations 
of Skim Milks Which H\l> Been IIfated \t Different 
Temperatures for Varyi.no Periods of Time 

for wide differences in the bodies of 40 per cent solutions of milk 
heated at various temperatures. The change in the body of 
the product with increase in the temperature of heating is abrupt . 
The relative effects of these temperatures are better shown in 
figure 3 where the relative viscosities of 40 per cent' solutions 
obtained for each temperature are plotted against the time of 
heating. 

Table 4 gives the results of baking tests upon the various 
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Time of heoiiifiQ - hrs. 


Fi<j 3. Showinc tih*: Kklvtim Hi fd< t.n ok \Muors Tlmim k \ti kks \m> 
Timk of Hr. \ti\o rro\ thk Kkl \tivk Vi scon] tils of (\>\< i:\tu 
Skim Milks of 40 Hkk Solids (\>\tknt 


TVHI.M4 

Changes in baking quality dan (o variations in brat treatment af tlx milk uxal 


TMIPnit \Tl Hi* 


-- 

\ ou mi: oi t o vi 

Timm* ot i*i*> 




’ hour j 

1 hour 

( i 

| 2 hocus | ,} hour-* 

[ i 

j 4 hours 

aw. 

(i4<ri'M 

1,918 ! 

< i 

! 

| « (- 1 c 

! i,s-.3 ; 

} rr 

! J,s:>4 

7 r»°(\ 

(167'T\) 

1.912* j 

2,020 

j 1.909" : 

; 2,001 

8f> J C\ 

USr» J K ) ! 

. 1.973 j 

2,027 

j 2,043 ; 2,030 

1 

0*V’(\ 

(2o;ri’) 1 

’ 2.037 ! 

2,007 

1 2,023 ! 

i 


* Different (lour used. 

samples prepared and used in the experiments reported in figures 
2 and 3. The product was used in amounts equivalent to 4 
per cent, of the weight of the flour, on the dry basis. This table 
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indicates a definite correlation between the viscosity of a 40 per 
cent solution of a dry skim milk and its baking quality. Heating 
at 65°C. for four hours changed the viscosity of a 40 per cent 
solution only slightly (fig. 2). Very little change was noted in 
baking quality (table 4). A temperature of 75°C. produced a 
change in viscosity when continued for four hours. This sample 
also produced improved baking quality when added to the miv 
Temperatures of 85°C. and 95°C. for shorter periods of time 
produced high viscosities in 40 per cent solution of the samples 
with corresponding improvement in baking quality. 

Though only volume of loaf is recorded here it may be stated 
that improvement in texture was always noted with increase in 
volu ae. The weights of the loaves remained approximately 
coiistant. 

To test the feasibility of viscosity of a 40 per cent solution of 
a powder as a criterion of baking quality several commercial 
samples of spray powders were chosen, the viscosities of 40 per 
cent solutions (dry basis) were determined, and baking tests 
were made. 

In general it may be stated that a powder producing a 40 pc;r 
cent solution of high viscosity seems to yield a better loaf than 
does one producing a low viscosity solution at that concentration. 

DISCUSSION 

During the progress of the work it was observed that various 
flours responded differently to the addition of dry skim milk. 
The increase in volume of loaf over that obtained in bakings 
where no skim milk was used was not appreciable in some cases, 
though the texture seemed improved. The problem with which 
we are concerned, however, was not that of increase of loaf 
volume and improvement of texture over that obtained in ex¬ 
periments where no skim milk was added, but was rather the 
variations in properties caused by additions of skim milks re¬ 
ceiving different treatments in the manufacturing processes. 
The flours used, therefore, were those which showed the greatest 
variations. The problem of increased yield and adaptability 
of flours is one that is beyond the scope of this work. 
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Results of experiments indicate that the method of treatment 
of a skim milk has a marked effect upon the property of its 
powder to influence the baking quality of a bread dough mix. 

The data presented upon the viscosity of milks heated at 
various temperatures, as well as the facts relating to the “thicken¬ 
ing” of condensed milks, show that the changes in the milk caused 
by heat have an effect similar to that of an increased hydration of 
the proteins. The correlation between the changes in the body 
of the solution of the milk used and the results of baking tests 
seems to show that the magnitude of this physical property, 
obtained under certain conditions, is a criterion of whether or 
not a skim milk will have a material beneficial effect upon the 
baking quality of a dough mix into which it has been incorporated 

Results given in table 2 show that the milk which had received 
a low heat treatment (sample no. 1) seemed to have a slight 
binding effect upon the dough in baking. 

The temperature to which this milk had been subjected in the 
manufacturing process were not sufficiently great to coagulate 
the albumin; hence it seems probable that the binding action 
may be attributed to this constituent. Preliminary experiments 
seem to verify the correctness of this idea. 
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THE RATE OF ACID PRODUCTION IN HEA TED MILK* 

E. O. WHITTIER and ANNE G. BENTON 

Research Laboratories t Bureau of Hairy Industry, United States Department 
of Agriculture, Washington, D.C. 

Extensive data on the effect of heating on acid formation in 
skim milk have been obtained, and plots of these data at various 
temperatures have been published. 1 For practical use it has been 
desirable to combine these curves of acid production against time 
at a single temperature into a single curve of time rate of acid 
production against temperature of heating. By interpolation 



SO 100 HO 120 


Temperature of heat!ng\ °C. 

t’lQ. 1 .—Relationship Between Rate of Acid Formation in Milk and 
Temperature of Heating. 

from this curve may be determined the rate of acid production 
at any intermediate temperature and thence may be calculated 
actual concentrations of acid formed at this temperature over a 
given time. It is with the hope that other workers may be saved 
the necessity of accumulating and arranging similar data that this 
curve is published herewith. 

* Received for publication January 5, 1927, 

1 Whittier, E. O., and Benton, A. G., Jour. Dairy. Sci., 1927, x, 126. 
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INHERITANCE OF BUTTERFAT PERCENTAGE IN 
JERSEY COWS* 

LYNN COPELAND 

Register of Merit Department , American Jersey Cattle Clvb , New York City 

For many years milk cf the different dairy breeds has been 
advertised as containing a certain definite percentage of butterfat. 
The American Jersey Cattle Club has proclaimed that the test of 
Jersey milk averages approximately 5.36 per cent. That this 
percentage varies only slightly with age, is proved by a study of 
all the 365-day records completed to January 1, 1926. 

The records that have been completed each year since the 
adoption of the Register of Merit indicate that over a period of 
over twenty-three years the fat percentage of Jersey milk has 
remained quite constant. This is shown in table 2 which gives 
the butterfat percentage and total fat production for the first six 
years after the adoption of the Register of Merit and for the last 
four years. 

The average percentage of all the yearly tests completed is 
5.365 per cent, which means that there were many records aver¬ 
aging lower than this, and of course, many more with higher tests. 
The increase in total yearly fat production indicates that breeders 
have constantly striven for increased yields. Their success is 
evident. It is also shown that the greater fat production has been 
accomplished only by increasing the milk producing capacity 
of the Jersey cow. This may be accounted for in two ways; 
either there is less variability in the percentage of fat than in the 
milk yield, or it is because dairymen have heretofore paid little 
attention to the butterfat percentage in their breeding operations. 
If the percentage of fat in milk is a definite character, inherited 
separately and independently of other factors, it would appear 
that breeders were neglecting to use an important tool for the 
improvement of dairy production. 

* Received for publication March 11,1927. 
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Roberts, (1) in an investigation conducted in 1918, found a 
negative correlation between the percentage and milk yield of 


TABLE 1 


AGE 

NUMBER 

OF 305-DAY 

AVERAGE FAT 
PERCENTAGE 


RECORDS 

Yearling 

1,365 

per cent 

5 433 

Jr. 2 

4,091 

5.437 

Sr. 2 

1,901 

5.469 

Jr. 3 

2,010 

5.427 

Sr. 3 

1,550 

5.424 

Jr. 4 

1,537 ! 

5.417 

Sr. 4 

1,291 

5.374 

5 years 

2,256 

5 321 

6 years 

1,653 

5 253 

7 years 

1,226 

5 265 

8 years 

802 

5.248 

9 years 

511 

5.215 

10 years 

296 

5.182 

11 years 

169 

5.163 

12-23 years 

201 

5.273 


20,859 

5 365 


TABLE 2 


YEAR 

NUMBER OF 305-DAY 
TESTS 

A\ ERAGE YEARLY 
BUTTERFAT 

AVERAGE YEARLY FAT 
PERCENTAGE 



pounds 

per cent 

1904 

18 

348.61 

5 402 

1905 

48 

399.02 

5 451 

1906 

78 

403.53 

5.315 

1907 

92 

433.71 

5.482 

1908 

103 

430.83 

5.441 

1909 

173 

425.42 

5.430 

1922 

2431 

487.34 

5.368 

1923 

1979 

512.32 

5.392 

1924 

1498 

519.99 

5.375 

1925 

1191 

529.94 

5.362 


Jerseys, Guernseys and Holsteins. For the Jersey breed he re¬ 
ported a correlation of —0.354 ±0.013. This was a more pro¬ 
nounced negative correlation than for the Guernsey and Holstein 
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breeds. Wilson (2) however, states that the characters of fat 
percentage and milk yield are independent and have no effective 
influence upon each other. Graves (3), from a study of Holstein 
sires, also concluded that in Holstein cattle the percentage of 

TABLE 3 

Analysis of records with high fat percentages 

Test of 80 cows with high tests who have tested dams. 6.958 % 

Test of 80 dams of cows who have high tests. 5.952 % 

Difference. 1.006 % 

Test of 63 cows with high tests who have tested sisters out of same dams. 6.988 % 

Test of 63 maternal half sisters of 63 high testing cows. 5.834 % 

Difference. 1.154 % 

Test of 41 high testing cows who have both tested dams and tested ma¬ 
ternal half sisters . . . 6.985 % 

Test of 41 dams of above high test cows . 5.885 % 

Difference. 1.100 % 

Test of 41 maternal half sisters of above high testing cows who also have 


tested dams. 

Difference. 

.. r ) 844 % 

. 1 141 % 

Test of 59 high testing cows who have tested paternal grandams .. 

Test of 59 paternal grandams of high testing cows. 

Difference. 

. 6 984 % 

. 5.626 % 

.... 1.1358% 

Test of 141 high testing cows who have tested half sisters by same sire.. 6.952 % 

Average test of half sisters (by same sire) of high testing cows. 5.893 % 

Difference. 1.059 % 

Test of 53 high testing cows who have tested daughters. 

Test of 53 daughters of high testing cows. 

Difference. 

. 6.965 % 

. 6 105 % 

. 0.860 % 

Test of 6 high test cows with proven sons. 

Test of daughters of 6 proven sons of high test cows. 

Difference. 

. 6 90 % 

. 5.78 % 

. 112 % 

Average fat yield of 160 high testing cows. 

,.. 494.8 pounds 


butterfat and milk yield seem to be inherited separately. His 
data also indicated that both the sire and dam contribute to the 
inheritance of the fat test of their daughters and that improve¬ 
ment in yield of butterfat can be brought about by selection for 
both milk yield and percentage of fat. 
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It was with the object of continuing this work previously begun 
by others, and possibly throwing more light on the subject of in¬ 
heritance of butterfat percentage, that the follow ing study was 
made. 

TAB1.E 4 

Analysis of records with low fat percentages 

Test of 44 cows with low test who have tested dams . 4.133% 

Test of 44 dams of cows who have low tests .4.812% 

Difference. 0.679% 

Test of 41 cows with low tests who have tested sisters out of same dams . 4.121% 

Test of 41 maternal half sisters out of low testing cows. 5.035% 

Difference. 0.914% 

Test of 26 low testing cows who have both tested dams and tested mater¬ 
nal half-sisters. .4.140%) 

Test of 26 dams of above low test cows . . .. .4.761% 

Difference. 0 621% 

Test of 26 maternal half-sisters of low test cows. 4.905%, 

Difference . 0.765% 

Test of 42 low testing cows who have tested paternal grandams.4 130% 

Test of 42 paternal grandams of low test cows. 4.990% 

Difference. 0.860% 

Test of 111 low testing cows who have tested sisters by same sire. 4.168% 

Average test of half-sisters (by same sire) of low test cows. 4.660 

Difference. 0.492% 

Test of 46 low testing cows who have tested daughters .4.167% 

Test of 46 tested daughters of low testing cows.4.910% 

Difference..... 0.743% 

Test of 5 low test cows with proven sonB. 4.19 % 

Test of daughters of 5 proven sons of low test cows.5.14 % 

Difference. 0.95 % 

Average fat yield of 135 low testing cows.425.1 pounds 


DATA PRESENTED 

A study of all the records in the Consolidated Register of Merit 
volume revealed that of the 21,000 cows listed, 160 had completed 
long time tests averaging above 6.75 per cent in butterfat. Fifty- 
three of these records averaged higher than 7.00 per cent. The 
average percentage of the tested dams of these 160 cows was 
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determined, and also the fat percentage of their tested maternal 
and paternal half-sisters. Likewise the yearly fat percentage of 
the tested daughters of these high testing cows was looked up. 
Proven sons of these high testing cows were included and the 
tests of their daughters recorded. 

A similar study showed that 135 Jersey cows had completed 
tests with yearly average butterfat percentages lower than 4.25 
per cent. Tests of their dams, sisters and daughters were deter¬ 
mined exactly as described for the cows testing above 6.75 per 
cent. 

Of course in a considerable number of cases, either the dam, sis¬ 
ters or daughters were not tested. This reduces the number of 
animals that can be used in the final analysis. The average re¬ 
sults of both these tabulations are presented in tables 3 and 4. 

In analyzing these studies too much emphasis should not be 
given to the final average percentages found. The uniformity of 
the inheritance of high or low butterfat tests and the amount of 
variation are important items that cannot be seen in the tables. 
The averages obtained do show that there is a noticeable tendency 
for the butterfat percentages to approach the average of the 
breed. Daughters of extremely high or low testing cows rarely 
tested as high or as low as their dams. Of the high testing cows 
there were only ten having tested dams with percentages below 
the breed average. The average tests of the paternal half-sisters 
of cows out of these ten dams all exceed the breed average by a 
considerable amount. In fact, the average tests of the daughters 
of seven of the ten sires are above 6.00 per cent. This would 
indicate that the cows with high tests out of average testing dams 
inherited their fat percentage from their sires. Fifteen of the low 
testing cows are out of dams with percentages above 5.00, yet 
in each of these cases, the sires of these fifteen cows transmitted 
especially low tests to all their daughters. 

It is significant that as far as known, every cow with a high test 
was either out of a dam with a percentage considerably above 
the average for the breed, or else was sired by a bull who trans¬ 
mitted high tests to the majority of his daughters. Similarly, 
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the low testing cows were in every case either out of a low testing 
dam or by a sire whose daughters were low testers. 

There were seven cases of mating a dam testing above 6.00 per 
cent with a sire all of whose daughters averaged over 6.00 per 
cent. In each of these cases the daughter averaged above 6.87 
and four were above 7.00 per cent. 

From the above lists two nationally known sires were chosen 
for further study. One of these bulls (A) has 20 tested daughters 
who have an average butterfat percentage on yearly test of 6.57 
per cent. Considering the number of daughters, this bull leads 
the breed in the high tests of his offspring. The other sire (B) 
equally well known, has 34 Register of Merit daughters with an 
average butterfat percentage of only 4.71. It happened that the 
dam of each of the twenty daughters of A was tested. The 
average test of the dams was 5.72 per cent. As the dams were 
high testers the bull must have been remarkably prepotent to 
increase the test an average of 0.85 per cent. This bull has two 
proven sons whose daughters average 6.63 and 5.54 per cent 
respectively. 

Twenty-five of the Register of Merit daughters of B were out of 
tested dams. The twenty-five daughters averaged 4.68 while 
their dams averaged 5.13. This again illustrates a bull especially 
prepotent except that he transmitted low tests to all of his daugh¬ 
ters. Only one daughter did he sire that tested above the average 
for the breed. B has eight proven sons and each inherited the 
factor for low tests from their sire. Daughters of these proven 
sons averaged but 4.98 per cent of fat. 

As these two sires were so remarkably prepotent, a study was 
made of their pedigrees. These are given in skeleton form and 
explain in a large degree the transmitting ability of both sires. 
The pedigree of A is a good illustration of the continuous mating 
of high testing animals with the result that a bull was obtained 
remarkably prepotent in transmitting high tests to his offspring. 
In total fat production, the daughters of A averaged 829.6 pounds 
of fat when calculated to a mature 365 day equivalent, while their 
dams averaged 752.4 pounds. 
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Paternal grandsire 
51 daughters 
Av. 5.63 


Paternal grandam 
Test 6.20 

Maternal grandsire 
51 daughters 
Av. 5.63 


Maternal grandam 
Test 5.91 

Paternal grandsire 
18 daughters 
Av. 5.21 


Paternal grandam 
Not tested 

Maternal grandsire 
27 daughters 
, Av. 4.94 

Dam.< 

Test 4.18 

7 Maternal grandam 
Not tested 

To study further the relation between butterfat percentages 
and total fat and milk production, all of the 365-day records in the 
Consolidated Volume made by mature cows from five to eight 
years of age, were arranged in columns according to the test 
percentages. There were fourteen groups ranging from the lowest 
tests to the highest. The average fat and milk production of 
each group is shown in table 5. 

All records exceeding 700 pounds of fat were arranged in groups 
and the average fat percentage of each group determined. These 
are listed in table 6. 

There were 393 yearly records completed during 1926 by cows 
over five years of age. Table 7 shows the degree of correlation 
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TABLE 5 

Classification of all 865-day records in Consolidated R. of M. Volume made by cows 

from 5 to 8 years of age 


AVERAGE YEARLY FAT 
PERCENTAGE 


jk'r cent 

3.50-4.20 

4.21- 4 40 
4.41-4.60 

4 61-4.80 

4.81- 5.00 
5.01-5.20 

5.21- 5.40 

5 41-5 60 
5.61-5.80 

5.81- 6.00 
6 . 01 - 6.20 

6 21-6 40 
6 41-6 60 
6 61-7.50 


NUMBER OF COWg IN 
BACH GROUP 


22 

80 

203 

364 

552 

641 

625 

648 

511 

359 

236 

128 

79 

65 


AVERAGE FAT YIELD 


pound h 

492.1 
487.0 
498.9 

498.1 

511.3 
514.0 
530.6 
528 9 

539.1 

548.1 
558 9 

559.5 

545.6 

580.3 


AVERAGE MILK YIELD 


pounds 

12,079 
11,326 
11,087 
10 598 
10,435 
10,078 
10,011 
9 616 
9 458 
9,290 
9.163 
8,881 
8,394 
8,480 


TABLE 6 

Analysis of R. of M. records above WO pounds of butter fat 


LY PRODUCTION OF FAT 

NUMBER OF CO\N8 

AVERAGE BUTTERFAT 
PERCENTAGE 

poundx 

j 

per cent 

950-1141 

39 

5.835 

900-950 

47 

5.633 

850-900 

87 

5.637 

800-850 

161 

5.632 

750-800 

280 

5.631 

700-750 

589 

5.487 

700-1141 

1,203 

5.562 


TABLE 7 


NUM¬ 
BER OF 
ANI- J 
MALE 


MEAN 

FTANDARD 

DEVIATION 

COEFFI¬ 
CIENT OF 
VARIABIL¬ 
ITY 

CORRELATION 
BETWEEN MILK 
AND FAT 
PERCENTAGE 

CORRELATION 
BETWEEN TOTAL 
FAT AND FAT 
PBR CENT 

893 

Milk. 

Per cent fat . ... 
Total fat . . .. 

11433**= 76 8 
5.430*0 018 
618.8*3.46 

2255 0*54 2 

0 552*0 OH 
101 5*2 44 

19 72*0 47 
10 16*0 24 
10 45*0 39 

-0 311*0 0310 

+0 233*0.0324 
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between milk and fat percentage and between total fat production 
and fat percentage of these tests. 

The results shown by tables 5, 6 and 7 indicate that there is a 
correlation between total fat production and percentage of butter- 
fat and that the fat production increases as the fat percentage 
increases. The milk yields shown in tables 5 and 7 agree with the 
findings of Roberts (1) in that they indicate a negative corre¬ 
lation between fat percentage and milk yields. It is very signif¬ 
icant, however, that although this negative correlation exists, 
nevertheless the milk yields do not decrease in the same ratio as 
the fat percentages increase. In other words the decline in milk 
flow is not sufficient to prevent the total fat from increasing as 
the test increases. This is further confirmed in table 5. If the 
milk flow declined in proportion as the butterfat percentage in¬ 
creases, there would be no justification for the breeding of higher 
testing cows. 

SUMMARY 

1. Butterfat is a variable factor although the degree of varia¬ 
bility is less than for milk yield. 

2. Both the sire and dam contribute to the inheritance of their 
daughters, governing fat percentage. 

3. A parent may be prepotent in increasing the fat percentage 
of the offspring separately frdm affecting the milk yield, or may 
increase or decrease both the percentage of fat and the milk 
yield. 

4. Although there is a negative correlation between milk yield 
and fat percentage, there is a positive correlation between total 
fat production and fat percentage. 

5. Improvement in total butterfat production can be accom¬ 
plished by selection for high fat percentage as well as selection 
for large milk yields. 
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SOME OBSERVATIONS ON THE FREEZING POINT OF 
CREAM AND ITS USE IN DETECTING ADDED 

WATER* 


F. J. DOANt 

Dairy Husbandry Department, Pennsylvania Slate College, State College, 

Pennsylvania 

The freezing point of milk is a subject that has received a great 
deal of attention from investigators in widely scattered fields. 
At present the value is generally accepted as a physiological 
constant averaging — 0.5o0°C., with a normal variation of from 
—0.534°C. to — 0.562°C. according to Hortvet (l) 1 , and from 
—0.530°C. to —0.566°C. according to Bailey and others (2). 
The freezing point is now used as a means of detecting added 
water in milk and a carefully standardized technique has 
been incorporated, in the methods sponsored by the Association 
of Official Agricultural Chemists, as an “official method” (3). 

The freezing point of cream has not been studied to any great 
extent. In fact the author has been unable to find any published 
data dealing with cream as such. However, from cryoscopic 
data on related substances and a knowledge of the theory of 
freezing point depression it is not impossible to predict what 
might be expected. 

W. R. G. Atkins (4) found that the addition or removal of fat 
from milk has no effect on the freezing point. 

Parfitt and Taylor (5) show that variations in the fat content 
of ice cream mixes do not alter the temperature at which they 
freeze. 

Colloidal dispersions, even comparatively concentrated, ex¬ 
hibit very small osmotic pressures and consequently practically 
negligible depressions of the freezing points of the continuous 

* Received for publication December 16, 1927. 

t Published by permission of the Director of the Agricultural Experiment 
Station. Contribution from the Department of Dairy Husbandry. The Penn¬ 
sylvania State College, No. 415. 
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phases, (6) (7). The fat in milk or cream existing as a coarse 
emulsion, consequently, would not be expected to influence the 
freezing point of the plasma. 

If the fat be removed from milk, skimmilk and cream, either 
by extraction or centrifugation, the remaining plasmas are 
identical. Exception to this statement might be taken since 
Clayton (8) gives data showing that 2 per cent of the casein in 
ordinary milk is adsorbed or concentrated on the fat globule- 
plasma interface. Milk in creaming, therefore, might be ex¬ 
pected to lose a portion of its colloids to the cream, in which case 
the respective plasmas might differ. This point, however, would 
not noticeably affect the freezing point since the colloids, as a 
class, do not show a noticeable depression phenomenon. The 
freezing points of milk, skimmilk and cream, then, must be 
dependent on the concentration of soluble substances in the 
serum and it can hardly be argued that the serums in question 
would differ. All of which leads to the conclusion that cream 
and skimmilk have the same freezing point as the original 
whole milk from which they are derived. 

FREEZING POINTS OF MILK, SKIMMILK AND CREAM 

Twelve samples of authentic herd milk were separated and 
observations made on the resultant skimmilk and cream which 
were compared with similar observations made on the original 
whole milk. Cryoscopic readings were obtained following the 
exact procedure as given in the A.O.A.C. “Official Methods.” 
Fat tests and acidity tests were made in accordance with methods 
obtained from the same source, with the exception that acidity 
samples of cream were weighed out instead of measured. The 
percentages of solids-not-fat represent the difference between 
the total solids content, obtained by means of the Mojonnier 
test, and the fat tests. 

Elaborate precautions were taken in obtaining the various 
samples and in holding them prior to analysis and the determina¬ 
tion of the freezing points in order that no uncontrolled factors 
would make a direct comparison impossible. Table 1 gives the 
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data taken on these samples and is chiefly of interest from the 
standpoint of the cryoscopic results. Samples No. 11 and No. 12 
were diluted before separation with 11.5 per cent and 20 per 
cent of water respectively. The data seems to confirm the 
theoretical conclusion made above, namely that the freezing point 
of skimmilk and cream are identical with that of the original 
whole milk irrespective of their compositions. An elevation of 
the freezing point due to added water in milk is equally detectable 

TABI.E I 


Freezing points of milk , cream and skimmilk 


SIMPLE 

NUM¬ 

BER 

WHOLE MILK 

CREAM 

AKIMMILK 

Fat 

SNF 

And 

Freezing 

point 

Fat 

SNF 

Acid 

Freezing 

point 

Fat 

SNF 

Acid 

Freezing 

point 


per 

per 

per 

i 

°C 

per 

per 

per 

°C 

per 

per 

per 

°c 


cent 

cent 

rent 


cent 

cent 

cent 


cent 

cent 

cent 


1 




— 0.558 




-0 559 




-0.558 

2 

i 



-0.537 




-0.540 




-0.538 

3 




—0.546 




-0.546 




-0.548 

4 




-0 544 




-0 545 


j 


-0.545 

5 




-0 549 




-0.550 

j 



-0.548 

6 

4.30 

8.47 

0.146 

0.545 

22 0 

6 85 

0 121 

—0.545 

0.03 

8.91 

0.157 

-0 546 

7 

3.95 

8 51 

0.162 

-0 538 

19 5 

7 91 

0.156 

-0.539 

0.04 

9.05 

0.165 

-0.536 

8 | 

4 05 

8 53 

|0 145! —0.540 

27.5 

6 32 

0.115 

-0 538 

0 04 

9.02 

0.154 

-0.537 

9 

4 00 

8.530 156 

;-0 543 

24 0 

7.02 

0 121 

|-0 545 

0 03 

9.41 

0.161 

■-0 542 

10 

4.05 

8.360.141 

j-0.541 

20 0 

7 25 

0.118 

-0 540 

0.03 

8 80 

0.148 

-0.540 

11 

3.80 

7.760 135 

j-0 462 

25.0 

5.97 

0.106 

-0.461 

0 05 

8.17 

0 138 

-0.460 

12 

3 35 

j 6.890 127 

|~0 429 

I 21 0 

i 

| 5.92 

0 085 

i ! 

-0.430 

0 02 

7 22 

0.135 

1-0.429 


in either the skimmilk or the cream after separation. None of 
the results on a given sample vary to a greater extent than the 
possible experimental error. It might be mentioned that the 
freezing points represent the average of three trials all of which 
checked within 0.003°C. Results varying outside this range were 
discarded and a new trial made. The cyroscopic method as 
given seemed to be equally applicable to cream of a richness and 
viscosity similar to the samples used. The only difference noted 
in making cream readings was the relative sluggishness of the 
mercury thread as compared to the movements with milk. 
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TABLE 2 

Watered samples of cream 
Freezing points °C. 


SAMPLE 

UNDILUTED 

10 PER CENT 
ADDED 
WATER 

15 PER CENT 
ADDED 
WATER 

20 PER CENT 
ADDED 
WATER 

25 PER CENT 
ADDED 
WATER 

FAT IN CREAM 
BEFORE 
DILUTION 

6 

—0.545 

-0 465 

-0 439 

-0.386 

-0.355 

22.0 

7 

-0 539 

-0.464 

-0 436 

-0.386 

-0.357 

19 5 

8 

—0.538 



-0.384 


27.5 

9 

| -0.545 

-0 461 

-0 417 

-0.386 

-0.363 

24.0 

10 

-0.540 

—0.465 

-0 414 

-0.379 

-0.353 

20.0 


Added water calculated from above depressions 
= 100 (T - T) 

w T 


6 

0 

14.7 

19.4 

29 1 

34.8 

22.0 

7 

0 

13.9 

19 1 

28.4 

33.8 

19.5 

8 

0 



28 6 


27.5 

9 

0 

15.4 

23.5 

29 1 

33 4 

24.0 

10 

0 

13.8 

23 3 

29 9 

34.6 

20 0 

Average. ... 

0 

14.4 

21.4 

29.0 

34 1 

22.6 


Added water calculated from above depressions 


6 

0 

10.8 

14.7 

22.4 

27 3 

22 0 

7 

0 

10.4 

14.8 

22.1 

26.8 

19.5 

8 

0 



21.4 


27.5 

9 

0 

11.0 

16.9 

21.4 

25.0 

24.0 

10 

0 

10.4 

17.7 

23.3 

27.4 

20.0 

Average .. . 

0 

10.6 

16.0 

22.1 , j 

26.6 

22.6 


DILUTED SAMPLES OF CREAM 

Winter’s formula given in the “official methods” of the A.O. 
A. C. for calculating the amount of added water in a sample of 
milk is as follows: 


w 


100 (T - V) 


T 
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W, is the percentage of added water; T, the average freezing 
point depression of normal milk (0.550°C.) or the original freez¬ 
ing point depression, where this is known; and T', the freezing 
point depression of the sample in question. This formula was 
used in calculating the added water in a series of cream samples 
which were diluted at the rate of 10, 15, 20 and 25 per cent re¬ 
spectively. These samples are the same as numbers 6 to 10 in 
Table 1. The freezing points of these samples are listed in the 
first portion of Table 2, while results obtained using Winter’s 
formula are given in the second portion of the table. It will 
be noted that the values obtained here are higher than the actual 
amount of dilution. This is not surprising when the formula is 
considered in the light of the theoretical conceptions previously 
mentioned. Winter’s formula is accurate only when the volume 
occupied by the substances in solution is the same as the total 
volume of the material under observation. Actually then this 
formula really gives the percentage of added water based on the 
serum of the sample. Thus, the greater the difference in volume 
between the serum and the material as a whole, the more in¬ 
accurate will the results be when this forumla is used. In samples 
of whole milk or skimmilk the discrepancy is not so large that 
results are very far from accurate, especially where the average 
normal value 0.055°C. is used for the value of T, but in cream 
the differences are considerable as indicated in the table. In 
using Winter’s formula for these results T was taken as the freez¬ 
ing point depression of the original undiluted sample. 

In the lower portion of the table is shown calculated amounts of 
water for the samples as in the middle portion, with the exception 
that a modified formula correcting for the differences in volume 
between the serum and the cream was used. The formula is 
as follows: 

A{r - T ')» 
w - j, —• 

A, is the per cent of serum (by volume) in the sample having 
a freezing point depression of T'. For all practical purposes 

* The Cyyoscopie method for cream has been accepted tentatively by the 
A. 0. A. C. and this formula is to be used. 
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the value for A may be taken as the per cent of water in the 
sample. This is not exactly correct due to a disregarding of 
specific gravity but is so nearly so that the difference is negli¬ 
gible, especially where the value of T has to be taken as 0.550°C. 
In this work each diluted sample was not analyzed for water 
to determine the value of A but the figure was calculated from 
the analysis of the sample before dilution according to the follow¬ 
ing formula: 


WOO^C) 

100 

Here b, represents the per cent of water in the undiluted sample 
and C, the per cent dilution. 

It is noted that the results calculated by the “serum” formula 
are considerably closer to the actual amounts of water added 
than the results obtained using Winter’s formula. The average 
algebraic variation in the former is but 1.4 per cent, while in the 
latter it amounts to 7.3 per cent, roughly five times greater. 
It is probably unnecessary to state that, when unknown sam¬ 
ples of cream are examined, it is necessary to get the value of 
A by analysis, as it would be rather difficult to calculate it from 
the percentage of fat when the amount of possible dilution 
would be unknown. 

CREAM SAMPLES FROM DILUTED MILK 

Sample No. 11 and No. 12 in table 1 were diluted before sepa¬ 
ration. Sample No. 11 showed a freezing point depression of 
0.536°C., before dilution and sample no. 12 one of 0.558°C. un¬ 
diluted. Therefore, taking table 1 as evidence the respective 
cream samples would have had like values in the undiluted state. 
If the “serum” formula is used and the amount of added water 
calculated for the cream samples, and in the same way for the 
skimmilk samples, the results are as follows: 

Cream sample no. 11. 9.4 per cent added water 

Cream sample no. 12. 16.8 per cent added water 

Skimmilk sample no. 11. 13.0 per cent added water 

Skimmilk sample no. 12. 21.5 per cent added water 
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Actually there was added to the whole milk samples prior to 
separation 11.5 per cent and 20 per cent of water respectively. 
These values are closely approached when calculated from the 
data by the “serum” formula being 12.2 per cent and 20.7 per 
cent respectively. It is to be noted, however, that the amounts 
of added water calculated for the cream and skimmilk portions 
of these samples do not agree with the amount added to the whole 
milk, nor do they agree with each other. This of course, is due 
to the fact that the amounts of serum in the cream and in the skim¬ 
milk differ from the amount in the original whole milk and differ 
more widely as the richness of the cream increases. 

In order to determine the amount of water added to a lot of 
milk prior to separation, from an examination of the cream or 
the skimmilk, the volumes of each and the amount of added water 
in each must be known, in which case the following formula may 
be used. 


(G X W) + (S X W") „„ 

-c + s- w ' 

C, is the volume of cream; W' the per cent of added water in 
the cream; S, the volume of skimmilk; W", the per cent of 
added water in the skimmilk and W, the per cent of added 
water in the original whole milk. This formula naturally would 
have its limitations when commercial samples are being inves¬ 
tigated. 


SUMMARY AND CONCLUSIONS 

A very brief review of literature, only, is included since no 
published data was found bearing directly on the subject of this 
paper. 

From data presented it is concluded that cream and skimmilk 
have the same freezing points as the original sample of milk 
from which they are separated. If this is so then the normal 
range must be from -0.530°C. to -0.566°C. as for milk, with 
an average of —0.550°C. 

Winter’s formula as given in the “official methods” of the 
A.O.A.C. is theoretically incorrect and while this fact does not 
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make it entirely inapplicable for whole milk or skimmilk it shows 
a great degree of inaccuracy when applied to samples of cream, 
the degree increasing as the cream samples become richer in fat. 
Data is given showing the inaccuracies when it is applied to a 
series of diluted cream samples. 

A modified formula is given which is theoretically more ac¬ 
curate and when applied to the same samples of cream mentioned 
above gives fairly close results as compared with actual amounts 
of water known to have been added. 

The amount of added water found in a cream sample or a 
skimmilk sample does not correspond with the amount added to 
the original whole milk, in case such diultion was made before 
separation; but the latter can be calculated by the formula 
shown if the weights or volumes of both the cream and skimmilk 
portions are known together with the respective amounts of 
water in each, as found by cryoscopic examination and the use 
of the “serum” formula. 
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EFFECT OF TEMPERATURE ON THE VISCOSITY 
OF SKIMMILK* 

RANDALL WHITAKER, J. M. SHERMAN, and PAUL FRANCIS SHARP 
Department of Dairy Industry, Cornell University, Ithaca, New York 

INTRODUCTION 

Apparently Soxhlet (1) was the first to study the change in 
viscosity of milk with temperature. He found that the vis¬ 
cosity of whole milk increased faster than water with lowering 
temperature. His data are not entirely consistent, but Kobler 
(2), Taylor (3), and Evenson and Ferris (4) confirmed Soxhlet’s 
finding. Soxhlet attributed this change in relative viscosity of 
milk with temperature to the casein. 

The effect of pasteurization on the viscosity of mi lk was inves¬ 
tigated by Woll (5), using the viscometer designed by Babcock 
(6). Woll pasteurized his samples by heating for twenty minutes 
at 67°C., and also by heating in an Arnold steam sterilizer for 
thirty to thirty-five minutes. The samples were heated in Erlen- 
meyer flasks closed with cotton plugs. He found that pasteur¬ 
ization under these conditions decreased the viscosity of both 
milk and cream. The decrease in viscosity of milk was about 4 
per cent, while the decrease in the viscosity of cream was about 
16 to 17 per cent. Woll found that the viscosity of sweet whey 
was decidedly increased by pasteurization, the increase being still 
greater after sterilization. Thus the viscosity of whey was 
increased by pasteurization, while the viscosity of milk and 
cream was decreased by it. 

Babcock and Russell (7) found that pasteurization, as they 
carried it out, broke up the clumps or clusters of fat globules 
which are usually present in raw, normal milk, and they attributed 
the decrease in viscosity produced by pasteurization to break¬ 
ing up of these clumps of fat globules. Babcock and Russell 
(8) (9) found that the addition of calcium sucrate restored the 

* Received for publication February 7, 1927. 
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viscosity of pasteurized cream and also caused clumping. Bab¬ 
cock and Russell (9) also found that the viscosity of pasteurized 
cream could be restored by incipient churning, but that in this 
case the fat globules, instead of being characteristic clusters, 
were lumps, indicating that the fat globules had coalesced. It 
was found that this cream would not whip. 

The importance of clusters of fat globules as affecting the 
viscosity of milk has been indicated by Babcock (10) in the 
following words. 

Although these clumps are not very firmly bound together, they have 
sufficient stability to remain intact under ordinary conditions, and, on 
account of the increased resistance which these irregular masses offer 
to a free movement of the serum, add very considerably to the consist¬ 
ency of milk. This is clearly shown in the comparative thinness of 
pasteurized product, especially cream, in which the grouping is en¬ 
tirely destroyed, leaving the globules uniformly distributed. More¬ 
over, in such milks, the original consistency is restored to a con¬ 
siderable degree by any process which produces a similar tendency 
to grouping. 

Woll (5) found that the viscosity of the skimmilk also de¬ 
creased slightly after pasteurization, but he presented rather few 
data showing this effect. 

Sterner (11) concluded that the decrease in viscosity of whole 
milk by pasteurization was not due to the coagulation of the 
albumin alone, while Jensen (15) attributes the decrease in 
viscosity to coagulation of the albumin. 

Taylor (3) found that heating milk to the pasteurization 
temperature of around 65°C., and then cooling the milk to 20°C. 
and determining the viscosity, decreased the viscosity slightly, 
while pasteurization at higher temperatures produced a slight 
increase in viscosity.' 

Evenson and Ferris (4) heated milk for thirty minutes at 
various temperatures, and then cooled it to 20°C. and determined 
the viscosity. They found a decrease in viscosity when the milk 
was pasteurized at 60° to 65°C. Heating milk to 75° to 80°C. 
increased the viscosity. 
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Archard and Stassano (12) found that pasteurization failed to 
effect the viscosity appreciably. 

Since most of this work on the effect of heat on the viscosity 
has been carried out with whole milk, and as Babcock and Russell 
indicated that the clumping of the fat globules was an important 
factor in regulating the viscosity of whole milk and cream, and 
since clumping is usually more pronounced at lower tempera¬ 
tures, it was thought disirable to make a more careful study of 
the effect of temperature on the viscosity of skimmilk. 

EXPERIMENTAL 

The viscosity of skimmilk at various temperatures 

All determinations were made with ordinary Ostwald vis¬ 
cometers. The temperature was held constant by immersing the 
viscometers in a water bath held at the desired temperature. 
The samples were held in the water bath for fifteen minutes be¬ 
fore making the readings. The determinations were made on 
the same sample of milk beginning at the lowest temperature. 
A duplicate determination with an aliquot, which had been kept 
cold during the experiment, was made at the highest temperature 
and was found to agree in viscosity with the value obtained with 
the sample used for the entire temperature series. The time of 
flow of water determined experimentally at the various tempera¬ 
tures was used to calculate the constants of the viscometers. 
The weight of pycnometers filled with milk and then with water 
was determined at the various temperatures, and from this data 
the density of the milk was calculated. 

The following equation was used to calculate the viscosity 

where ij is the viscosity in centipoise, d is the density of the milk, 
t is the time of flow in seconds, and A and B are constants. The 
constants A and B were calculated from the time of flow of 
water at the various temperatures and the viscosity of w r ater 
as given by Bingham and Jackson (13). This equation repro- 
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duced the viscosity of water with an average error of less than 
0.3 per cent. Three different Ostwald viscometers were used 
in this work and four samples of mixed skimmilk, two viscometers 
being used with each sample. The data were plotted and a 
smooth curve was drawn which most nearly fitted the data. 


TABLE 1 

The relative and absolute viscosity , density , and specific gravity of skimmilk and 
a 6 per cent lactose solution at various temperatures 


TUM- 

PBBA- 

TUBK 

viscosity in centipoihe 

viscosity 

RELATIVE TO 
WATER 

DENSITY 

SPECIFIC 

GRAVITY 


Skim- 

milk 

5 per 
cent 

Ski m- 
imlk 

5 per 
cent 
lactose 
solu¬ 
tion 

Skimmilk 

5 per 
cent 
lactose 
solu¬ 
tion 

Skimmilk 

5 per 
C4int 


Water* 

lactose 

solu¬ 

tion 

Experi¬ 

ment 

1 

Experi¬ 

ment 

2 

Experi¬ 

ment 

1 

Experi¬ 

ment 

2 

lactose 

solu¬ 

tion 

°r. 

(1) 

(2) 

(3) 

(4) 

<»> 

(6) 

(7) 

(8) ! 

(9) 

(10) 

(U) 

(12) 

5 1 

1.519 

2.96 

1.76 

1 95 

1.16 

1.0369 

1.0362 

1.0204 

1.0369 

1.0362 

1.0204 

10 

1.308 

2.47 

1.50 

1.89 

1.15 

1.0360 

1.0358 

1.0200 

1.0363 

1.0361 

1 0202 

15 

1.140 

2.10 


1.84 


1.0348 

1.0348 


1.0357 

1 0358 


20 

1 005 

1.79 

1.15 

1.78 

1.14 

1.0338 

1.0338 

1.0182 

1 0356 

1.0356 

1.0200 

26 

0.894 

1.54 

1.03 

1.72 

1 15 

1.0323 

1.0321 

1.0165 

1.0353 

!1.0352 

1.0198 

30 

0.801 

1.33 

0.91 

1.66 

1.14 

1.0305 

1 0307 

1.0155 

1.0350 

j1.0352 

1.0199 

35 

0.723 

1.17 


1.62 


1.0287 

1.0288 

1 

1.0348 

1.0350 


40 

0.656 

1.04 

0 74 

1.58 

*1.13 

1.0264 

1.0268 

1.0119 

1.0344 

1.0348 

1.0198 

45 

0.599 

0 93 


1.55 


1.0245 


. 

1.0346 

■ 


50 

0.549 

0.85 

0.62 

1.54 

1.13 

1.0223 

1.0223 

1 0075 

1 0346 

1.03461.0198 

55 

0.506 

0.77 


1.53 


1.0198 



1.0346 



60 

0.469 

0.71 

0 52 

1.52 

1.11 

1.0171 

1.0172 

1.0028 

1.0344]1.0345 

1.0199 

65 

0.436 

0.66 


1.52 


1.0145 

1 


1.0346 



70 

0.406 

0.62 

0.45 

1.52 

1.11 

1.0117 

1 0117 0.9972! 

1.0347 

1.0347 

1.0199 

75 

0.380 

0 59 


1.54 



i 





80 

0.357 

0 57 

0.39 

1.59 

1.09 

1.0052 

1.0055!0 9913, 

1.0343 

1 

1.0347 

1.0200 


* Bingham and Jackson (13). 


The values for the viscosity of milk at 5°C. intervals of tempera¬ 
tures were read from the curve and are given in table 1. The 
relative viscosity was obtained by dividing the true viscosity of 
milk by the viscosity of water. Thus the term relative viscosity 
is used in its true sense and not as relative times of flow as is 
sometimes the case. 
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The viscosity and density of skimmilk at various tempera¬ 
tures are shown graphically in figure 1. The viscosity of skim¬ 
milk decreases as the temperature is raised. The relative vis¬ 
cosity indicates that the viscosity of skimmilk decreases more 
rapidly than the viscosity of water up to 60°C. Between 60° 
and 70°C. the viscosity of skimmilk and water change with 




Fio. 1. The Density, Specific Gravity, Absolute Viscosity, and Relative 
Viscosity of Skimmilk and Water at Various Temperatures 

temperature at the same rate, and above 70°C. the relative vis¬ 
cosity begins to rise again, indicating that the decrease in vis¬ 
cosity of skimmilk as the temperature is raised above 70 C. is 
not as rapid as the decrease in the viscosity of water. This 
break in the relative viscosity curve occurs at about the tem¬ 
perature at which heat denaturizes the albumin in milk. This 
point will be discussed later under the effect of pasteurization 
on viscosity. 
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The relative viscosity of skimmilk was found to be 1.95 at 
5°C. and 1.52 at 60°C., or a change in relative viscosity of 0.43. 
Since the proteins and lactose are the main constituents of 
skimmilk, the question arises as to whether or not lactose would 
cause a change in the relative viscosity of milk as the temperature 
is raised. The viscosity of a 5 per cent solution of lactose at 
various temperatures is given in column 4, table 1, and the 
relative viscosity in column 6. The difference in relative vis¬ 
cosity between 5° and 60°C. is 0.04. This experiment indicates 
that the change in relative viscosity of skimmilk with tempera¬ 
ture is due partially to the lactose, but that the effect of the 
lactose is small in comparison with the effect of the proteins. 

It is probable, however, that the effect of both the lactose and 
the proteins on the relative viscosity is greater when taken to¬ 
gether in the same solution than would be indicated by the sum 
of their individual effects when present alone in solution. 

An examination of the density data given in table 1 shows that 
the density of the skimmilk also decreases more rapidly as the 
temperature is raised than does the density of water, this differ¬ 
ence in rate of change practically all taking place below 40°C. 
Bowen’s (14) data show a similar trend. The density data 
given in table 1, column 7 f were obtained by starting at 5°C. 
and increasing the temperature in steps up to 80°C. It was 
feared that air might have been driven out of solution by the 
heat, and might have remained in the form of fine bubbles dis¬ 
persed in the milk, which would account for the change. That 
this was not the case was shown by placing a sample of milk 
under the vacuum at 35° to 40°C. to remove the air, and then 
determining the densities in the reverse order starting with the 
highest temperature. The values obtained by this method 
are given in column *8, table 1. The total solids content of the 
skimmilk in experiment 2 was 8.96 per cent, the fat 0.07 per cent, 
and the proteins 3.22 per cent. The density data were changed 
to specific gravity, those obtained by increasing temperature are 
given in column 10; those by decreasing temperature in column 
11. The specific gravity data indicate a change in hydration of 
the milk solids with temperature. This change in hydration 
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seems to be more marked as the temperature of the milk de¬ 
creases from 40°C. The specific gravity of the skimmilk at 
5°C. is 1.0366 and at 40°C. 1.0346, or a difference due to temper¬ 
ature of 0.0020. The density of a 5 per cent solution of lactose 
is given in column 0, table 1, and its specific gravity in column 
12. These data indicate that the specific gravity of a 5 per 
cent solution of lactose changes 0.0005 between 5° and 40°C* 

TABLE 2 


Effect on the viscosity determined at 2/+°C. of pasteurizing skimmilk and rennet whey 
for thirty minutes at various temperatures 


TEMPERATURE op 1 
PASTEURIZATION 

i 

| SKIMMILK 

WHEY 

Viscosity 

Number of 
samples 

Viscosity 

N umber of 
samples 

*r. | 

cp 


cp. 


Unheated 

1 472 

62 

1.158 

9 

50 

1 434 

9 

1.146 

2 

60 



1.159 

2 

62 5 

1 440 

13 



70 

1.455 

5 

1.176 

2 

72 5 

1.475 

4 

1.179 

2 

75 

1 490 

5 



77 



1.193 

3 

78 

1 315 

3 



79 

1.524 

3 



80 

1 527 

8 

1.208 

2 

82 

1.540 

3 



85 

1 548 

3 



90 

1 55 3 

4 

1.294 

2 

100 

1 603 

4 

1 381 

3 

no 

1.647 

3 

1 296 

3 

120 

1.717 

3 

1 273 

4 


Thus the lactose of the skimmilk is partly responsible for the 
change in specific gravity with temperature. Through the same 
range in temperature a 5 per cent sucrose solution changes 0.0006, 
which is about the same change as is produced by the lactose, 
while a 10 per cent sucrose solution changes 0.0013. Thus it is 
p ble that the lactose has less effect on the change in specific 
g y with temperature than has the protein material present 
in the skimmilk . The increase in specific gravity as the tern- 
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perature is lowered is not, however, sufficiently great to account 
for the distinct rise in the relative viscosity as the temperature 
is lowered. 

The increase in the specific gravity and in the relative vis¬ 
cosity of skimmilk as the temperature is lowered both indicate 
that some change has taken place in the s kimmilk . This change 
is probably a variation in the hydration of the milk constitu¬ 
ents, probably the casein. 

The effect of ■pasteurisation on the viscosity of skimmilk and whey 

The skimmilk or whey was pasteurized for thirty minutes at 
various temperatures, care being taken to prevent loss of moisture. 
It was then cooled at once to 24°C., held at this temperature for 
thirty minutes, and the viscosity determined with Ostwald vis¬ 
cometers at this temperature. In order to make the data ob¬ 
tained with the different samples of skimmilk comparable, they 
were converted to the percentage increase on the basis of the 
vjiscosity of the unheated sample, and then converted to the 
basis of the average viscosity for all of the unheated samples used. 
The data are given in table 2 and figure 2. 

According to these data, pasteurization at temperatures 
between the normal temperature of the milk as drawn and about 
72°C. causes a decrease in the viscosity of skimmilk, while pas¬ 
teurization above this temperature, up to I20°C., causes an 
increase in viscosity. There is, however, a definite break in the 
curve, which occurs at about 83°C., the rate of change from this 
point on being somewhat less rapid. 

The effect of pasteurization on the viscosity of rennet whey 
was also determined. The results are given in table 2 and figure 2. 
Pasteurization of whey causes a decrease in the viscosity be¬ 
tween 40° and 60°C. From that point on as the temperature of 
pasteurization is raised, the viscosity increases at a slow rate up 
to about 75°C., and then at a much faster rate up to 100°C., 
and above this temperature the viscosity decreases again. The 
breaks in the whey and the skimmilk curves do not correspond. 
At the point where the skimmilk changes over to a slower rate, 
83°C., the viscosity of the whey has just begun to increase at a 



VISCOSITY IN CENTIPOISE 



Fig. 2. The Viscosity of Skimmilk and Whey at 24°C. after Pasteurizing 
for 30 Minutes at Various Temperatures 
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faster rate. The downward break in the whey curve apparently 
has no counterpart in the skimmilk curve. These results indicate 
the aggregates formed by heat coagulation of the whey proteins 
are markedly affected by the presence of the casein. 

The data presented here indicate that the decrease in viscosity 
of milk due to holding pasteurization cannot be due to the coagu¬ 
lation of the albumin for two reasons, first, coagulation of the al¬ 
bumin would tend to increase the viscosity and, secoud, the max¬ 
imum decrease in viscosity due to heat occurs at a temperature 
below the coagulation point of albumin, or where the rate of 
coagulation would be extremely slow. 

The data for the relative viscosity of skimmilk at various 
temperatures as given in table 1 and figure 1 show a minimum 
between 60° and 70°C., while the data for the effect of pasteuri¬ 
zation on viscosity where the milk is cooled and the viscosity 
determined at 24°C. indicate a minimum at 50° to 60°C. These 
mi n i mum ranges are nearly the same as determined by the two 
methods. 


CONCLUSIONS 

1. As the temperature is raised from 5° to 60°C., the vis¬ 
cosity of skimmilk decreases faster than the viscosity of water; 
from 60° to 70°C. the viscosity of both decrease at about the 
same rate; and above 70°C. the viscosity of skimmilk decreases 
more slowly than does the viscosity of water. 

2. Pasteurization of skimmilk for thirty minutes between 
40° and about 72°C. causes a decrease in viscosity, while pas¬ 
teurization at higher temperatures for the same length of time 
causes an increase. 

3. Pasteurization of whey for thirty minutes at temperatures 
below 60°C. caused a decrease in viscosity, from 60° to 100°C. 
an increase, and from 100° to 120°C. a decrease in viscosity. 

4. As the temperature is raised from 5° to 40°C. the density 
of skimmilk decreases faster than does the density of water, > 
while from 40° to 80°C. they both decrease at about the same 
rate. 
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CONCERNING THE ADDITION OF CALCIUM CHLORIDE 
TO MILK FOR CHEESE MAKING* 

W. V. PRICE 

Department of Dairy Industry, Cornell University, Ithaca, .Veto York 

The experiments whose results are given in this report are a 
continuation of work begun by Georges Knaysi and J. D. Nelson 
(1). These workers reported an increase in the yield of cheese 
obtained from a given amount of milk by the addition of CaCl*. 
They believed that this increase in yield might be due to the re¬ 
tention of more of the milk fat, solids-not-fat, and moisture in 
the cheese. Their experiments were few in number but pointed 
out the possibility of producing cheese more economically through 
the use of CaCl 2 . They have reviewed the important literature 
on the subject so that it is necessary here to merely call atten¬ 
tion to their report. 

The experiments in cheesemaking of the present study have 
been conducted under carefully controlled conditions which 
approximate commercial methods of manufacturer accompanied 
by careful and exact observations and measurements. 

The milk used to make the cheese was of varying quality. 
At least 600 pounds was thoroughly mixed in an ice cream batch 
mixer after adding starter in amounts sufficient to produce the 
desired development of acidity during the cheesemaking process. 
Two portions of exactly 300 pounds each of this mixture of milk 
and starter were drawn from the mixing tank and placed in two 
60-gallon jacketed cheese vats. Each portion was sampled and 
tested for fat and total solids as a check upon the identity of the 
milk in each vat. 

One-tenth of one per cent or 4.6 ounces of anhydrous CaCl* 
was dissolved in 2 pounds of water and added to the test vat 
of milk. Two pounds of water were added to the check vat to 
insure the same moisture content in both lots of curd at the time 
of cutting. 

* Received for publication October, 1926 
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The CaCl 2 stimulated the action of the rennet to such an ex¬ 
tent that it was necessary to reduce the amount of rennet added 
to the milk in the test vat to one-half the amount used in the 
check vat. Even under these conditions the coagulation of the 
CaCl 2 treated milk was more rapid than the coagulation of the 
milk in the check vat. Further decreases in the amount of 
rennet were held to be inadvisable due to the probable effect 
upon the subsequent ripening of the cheese. 

The direct result of the influence of the CaCl 2 on the rennet 
action was a faster and firmer coagulation and a more rapid loss 
of moisture after cutting. At the time of pressing, however, the 


TABLE 1 



AVERAGE 
'FIELD FROM 
300 POUNDS OF 
MILK 

POUNDS OF 
FAT 

POUNDS OF SOLID8- 
NOT-FAT 

POUNDS OF 
MOISTURE 

CaCl 2 . 

30.388 

10.480 

9.103 

10 800 

Check . 

> 30.210 

10.360 

9.015 

10.830 

Difference. 

0.178 

0 120 

0 088 

-0 030 

Odds that the difference 

132 to 1 

267 to 1 

1.1 to 1 

3 4 to 1 

is significant. 

Significant 

Significant 

Insignificant 

Insignificant 


The average yield and composition of the cheese obtained from 300 pounds of 
milk treated with 0.1 per cent of OaCl 2 and of the cheese made from 300 pounds of 
identical milk containing no added CaCU. 


moisture contents of the two lots were practically identical. This 
ability of milk treated with CaCl 2 to lose moisture very rapidly 
during the critical periods of the cheesemaking process has a 
direct application in the handling of milk with a high acidity at 
the time of renneting. The shortening of the period in which it 
is possible to firm the curd sufficiently to insure a sweet cheese 
allows the cheese maker to remove the whey before the acidity 
has reached the dangerous limit. 

The results of the experiments have been summarized in 
tables 1 and 2. The average differences in the yield of the 
cheese and the composition of the cheese and whey have been 
calculated and the significance of these differences determined 
by Student’s method for interpreting the results of paired ex¬ 
periments (2, 3). 
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Each 300 pounds of milk treated with CaCh produced on the 
average only 0.178 pound more of cheese than milk not so treated. 
The real cause of the increase in the yield was obviously the 
retention of more of the milk fat in the curd. The cheese con¬ 
taining the CaCl 2 retained slightly greater amounts of solids- 


TABLE 2 



POUNDS OF FAT 

POUNDS OF 
SOLIDS-NOT-FAT 

CaOU. 

1.017 

17 575 

Check. . 

1.133 

17 502 

Difference in pounds . 

—0.116 

0 073 

Odds that the difference is significant. 

9999 to 1 

5 to 1 


Significant 

Insignificant 


The average composition of whey obtained from 300 pounds of milk treated 
with 0.1 per cent of CaCl 2 and of the cheese made from 300 pounds of identical milk 
containing no added CaCl 2 . 


TABLE 3 
Average scores 


LOT 

FLAvoa 

BODY AND TBXTURK 

CaCIs 

Check 

CaClj 

Check 

1 

39.7 

38 7 

22 5 

22 8 

2 

40.0 

40.3 

23.2 

23.2 

3 

38 8 

38 3 

22.5 

21.7 

4 

42 0 

43.3 

22 8 

23 8 

5 

40 3 

40.0 

23.5 

23 5 

6 

39 0 

39.7 

22.8 

23 2 

7 

38.7 

39.7 

22 8 

23.0 

8 

40.3 

42.0 

23.3 

24.2 

9 

39.3 

39.0 

23 2 

22 8 

10 

42.2 

44 0 

23 2 

24.0 

Mean. 

40.03 

40.50 

22.98 

23 22 


not-fat than the check cheese but the difference was insignificant. 
The moisture content of the two types of cheese was practically 
identical. 

The composition of the whey from the two lots of milk also 
demonstrates the retention of the fat and other milk solids in the 
cheese. Table 2 shows that the whey from the CaCl* treated 
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milk contained 0.116 pound less fat than did the whey from the 
untreated milk. A slightly greater amount of milk solids not 
fat in the whey from the CaClj treated milk is due probably to 
chance according to Student’s method of interpreting the re¬ 
sults of the experiments. 

The cheese made in these experiments were scored at eleven 
months of age. Three judges examined the cheese and their 
average scores on flavor and body and texture are given in table 
3. A score of 50 designates a perfect flavor and 25 a perfect 
body and texture. 

The data of table 3 illustrate the variable quality of the cheese 
which is due primarily to the quality of the lots of milk from 
which they were made. Considering the variable nature of the 
data, the mean scores show little difference in either the flavor 
or body between the two types of cheese. 

The actual scores of the judges were changed to the corre¬ 
sponding ratio scores (4), and these ratio scores were treated 
by Student’s method of determining the significance of the 
difference of paired observations. 

The mean gain in ratio score of the cheese from the untreated 
over the cheese from the CaCl 2 treated milk is 8.18 points. The 
odds, however, are only 9.4'to 1 that the difference is significant. 
These odds are too small to state definitely that the CaClj milk 
does not make as good cheese as the non-treated milk. 

The mean ratio score of the test cheese is 42.3 ± 3.5 and the 
cheese from the non-treated milk show an average of 50.4 ± 
6.7 points. The small number of observations and the great 
variation in the quality of the milk from which the cheese were 
made account for the large probable errors. 

The results of the scoring of the cheese do not prove definitely 
that the CaCl* has a harmful effect upon the quality of the cheese. 
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(iRAl’HK’AL STANDARDIZATION OF CONDENSED 
MILK PRODUCTS* 

w \lti.h \. nun, 

Ih pm Inmti oj JJtinij / /if /u \( i //, ('in mil I'ntn i w///, Ithum. \<ir ) <n k 

The manufacturer of condensed milk products is confronted 
with a problem of standardizing peculiar to the condensing in¬ 
dustry. The finished products are derived from raw materials 
whose proper combination has established a desired ratio of fat to 

milk solids not fat. i his ratio is usually stated - .. am* ~ , * 

• Milk molds not tat 

r rhe simple adjustment of these ratios, through the mixing of raw 
materials like eieam, milk, skimmilk, etc., which is rather in¬ 
volved by the usual methods of calculation, can be simplified and 
shortened by the use of a graph. 

For the purpose of explanation it is assumed that an ice cream 
mix is to be made in the condensing pan which must contain 12 
per cent fat, 10 per cent milk solids not fat, 14.5 per cent sugar and 
0.5 per cent gelatine, and the completed mix must weigh 3000 
pounds. The milk products to be used are milk containing 4 per 
cent fat and S.8 per cent milk solids not fat, and (‘ream containing 
MO per cent fat and 0.3 per cent milk solids not fat. 

It is evident that if if is to be completed in the pan, the mix 
before condensing should contain the desired amount of the solid 
elements which should bear to each other the ratio required by 
the finished product. It is obvious that whatever the combina¬ 
tion of milk and cream may be, 435 pounds of sugar and 15 pounds 
of gelatine must be in the mixture. The information desired, 
therefore, is the pounds of 30 per cent cream and 4 per cent milk 
which, combined, will make a mixture containing 12 pounds of 
fat for each 10 pounds of milk solids not fat, with a total of 300 
pounds of fat and 300 pounds of milk solids not fat. 

In the graph show n in figure 1 the per cent of I at is plotted on 

+ Received for publication August 1, 

:i77 
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Fig. 1. The Craph Illustrated was Drawn on Stemmed, Cross Section, 
Millimeter Paper to the Scale: 2 Centimeters Kqc vl 1 Feu Cent 
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the ordinate and the per cent of milk solids not fat on the ab¬ 
scissa. 

The desired mix must contain fat and milk solids not fat in the 
360 12 1.2 

ratio of or — or -y, etc. Therefore, if a theoretical mixture 


of milk products contained 1.2 per cent of milk fat and 1 per cent 
of milk solids not fat, it would satisfy the ratio of fat to milk 
solids not fat required by the problem. This composition is repre¬ 
sented on the graph by the point A. A theoretical mixture of 
milk products containing 12 per cent of milk fat and 10 per cent 
of milk solids not fat would also satisfy the ratio of fat to milk 
solids not fat required by the problem. Point B is plotted on the 
graph to represent this composition. The line determined by 
the points A and B is the locus of all points in which the ratio of 
fat to milk solids not fat is 12 to 10. It will be called “the ratio 
line” and is determined by the points representing the composi¬ 
tion of any two mixtures which contain fat and milk solids not 
fat in the desired ratio. 

A point indicating the composition of the cream is plotted on 
the graph at C. The milk composition is indicated by a point D. 
The line drawn from C to D contains the points representing the 
compositions of all the possible combinations of these samples of 
milk and cream. At C the mixture of the two materials contains 
100 parts of cream and 0 parts of milk; at D the mixture consists 
of 100 parts of milk and 0 parts of cream. CD may be called 
“the composition line.” 

The line CD intersects the line AB at the point E, which is the 
only point in the composition line CD which represents fat and 
milk solids not fat in the ratio of 12 to 10. Point E therefore 
designates the composition of the mixture of milk and cream which 
when condensed will make a mix containing 12 per cent of fat 
and 10 per cent of milk solids not fat. Estimated from the posi¬ 
tion of point E on the graph this composition is 9.89 per cent fat 
and 8.23 per cent milk solids not fat. Several methods can be 
used to proportion correctly the amounts of milk and cream neces¬ 
sary to make such a mixture. 

Pearson’s square may be used to determine the pounds of milk 
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and cream necessary to make the mixture of milk and cream con¬ 
taining 9.89 per cent fat and 8.23 per cent msnf. The pounds of 
this mixture necessary to furnish the total number of pounds of 
fat and solids not fat can then be calculated. The calculations 
by the square method may be based upon either the per cent of 
fat or milk solids not fat in the milk products. It is usually de¬ 
sirable, however, to so adjust the materials that any small error 
due to incorrect reading of the graph will occur in the amount of 
milk solids not fat in the total mixture. This will be automati¬ 
cally taken care of if the calculations are based upon the fat com¬ 
position. 


\ 

/ 

9.89 


/ 

\ 


5.89 unit parts of 30 per cent cream 


20 11 unit parts of 4 per cent milk 
26 00 unit parts of 9.89 per cent mixture 


Since 3000 pounds of the mix requires 360 pounds of fat, it 
follows that the pounds of 9.89 per cent mixture necessary to fur- 

360 

nish this amount of fat is - — X 100 or 3640.04 pounds of milk 

y.sy 

and cream mixture. 

Since 5.89 parts of cream and 20.11 parts of milk give 26.00 
parts of 9.89 per cent mixture, then the amount of cream required 
to make 3640.04 pounds of mixture is: 


—— X 3640.04 = 824 61 pounds 
26.00 


and the amount of milk is : 


20.11 

*26.00 


X 


3640.04 - 2815.43 


Proof in pounds 



MATERIAL 

FAT 

118 NT 

Milk. 

2815.4289 

824.6088 

112.617 

247.382 

247.757 

51.950 

Cream. 


Total. 

3640.0377 

359.999 

299.707 
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No further calculations are necessary. The pounds of sugar 
and gelatine required may be added to the milk products and the 
mixture condensed to a total weight of 3000 pounds, when it will 
have the desired composition. 

The proportioning of the amounts of milk and cream can be 
accomplished in another manner. It has been shown that the 
line CD represents the composition of the mixtures of milk and 
cream. Since at point C there are 0 parts of milk in the mixture, 
and at point D there are 100 parts of milk in the mixture, it 
follows that points intermediate between C and D indicate in¬ 
creasing parts of milk per 100 parts of mixture as the positions of 
these intermediate points approach the composition D. From 
the graph it is evident that point E is nearer D than C, and there¬ 
fore the desired milk and cream mixture must contain more milk 
than cream. The exact parts of milk per hundred of mixture 
would be known if the length of CE relative to the length of CD 
were known. It can be shown geometrically that the length of 
the lines CE, ED, and CD are proportional to the vertical dis¬ 
tances between the abscissas in which C, E, and D are located. 
These abscissas on the graph are designated as 30, 9.89, and 4 
per cent respectively. It follows that: 


and 


CE _ 30 - 9.89 
CD ~ 30-4 


(3 0 - 9 89) CD 
30-4 ' 


( 1 ) 

( 2 ) 


The length of the line from C to D represents an increase of from 
0 to 100 parts of milk in 100 parts of mixture, so that CD may be 
said to be equivalent to 100. Equation (2) now becomes: 



(3) 

(4) 


The value 77.346 represents the parts of milk in 100 parts of the 
mixture of milk and cream, and 100 less 77.346 equals 22.654, the 
parts of cream per 100 parts of milk and cream when the fat con- 
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tent of the milk, cream, and mixture are 4 per cent, 30 per cent 
and 9.89 per cent respectively. 

Since the 3000 pounds of mix required 360 pounds of fat, the 
pounds of 9.89 per cent mixture necessary to furnish this amount 
360 

of fat is X 100 or 3640.04 pounds of milk and cream. It has 

been shown that 77.346 per cent of 3640.04 equals the pounds of 
milk required, and 22.654 per cent of 3640.04 equals the pounds 
of cream in the mixture. The proof of the method may be shown 
by making the necessary calculations and arranging the amounts 
of the products and their fat and milk solids not fat contents in 
tabular form. 


Proof 


MATERIAL 

POUNDS 

POUNDS OF 
FAT 

POUNDS OF 
M8NP 

Milk... 

2815.42 

824.62 

112.617 

247.386 

247.75 

51.95 

Cream. 


Total... 

3640.04 

360 003 

299.70 


No further calculations are necessary. The sugar and gela¬ 
tine required may be added directly to the milk and cream before 
or after condensing, as the operator desires. In either case the 
amount of raw material, which totals 4090 pounds, must be re¬ 
duced by the removal of water to a total weight of 3000 pounds for 
the finished product. 

The form of graph illustrated has one or two other interesting 
characteristics and applications. The line CE and CD might be 
measured in units of length and the amounts of milk and cream 
calculated by the proportion 

Pounds of milk Length of CE 

.. —. at 

Pounds of mixture Length of CD 


or 


Pounds of cream Length of ED 

— . .. . . . as . .. 

Pounds of mixture Length of CD 
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The graph may be used to standardize off batches of condensed 
products. No calculations are necessary to determine if the mix¬ 
ture to be standardized is short or over on fat or milk solids not 
fat. If fat is needed the point representing the composition of 
the incorrect mixture will fall below the ratio line, and if milk 
solids not fat are needed the point will fall above the line. In 
either case the point representing the composition of the material 
which can be used to adjust the ratio must fall on the opposite side 
of the ratio line, so that the line connecting the two points will 
intersect the ratio line. If the point of intersection of the ratio 
and composition lines indicates a fat and milk solids not fat con¬ 
tent in the mixture greater than that desired in the finished prod¬ 
uct, then water must be added to the milk products. If the 
point of intersection indicates a fat and milk solids not fat content 
less than that desired in the finished product, then water must be 
removed by condensing. 

For laboratory work a large graph mounted on a drawing board 
can be used to good advantage. The ratio lines for the various 
products manufactured can be drawn on the graph in fine lines 
and the points representing the composition of the different ma¬ 
terials can be marked by glass headed pins which can be inserted 
where desired and connected by fine black thread in place of 
drawn lines. This procedure makes it possible to use the graph 
for a long time without changing the graph paper. A large graph 
makes possible more accurate standardization. 


SUMMARY 


1 . 


The ratio line is the locus of all points in which 


Fat 

Milk solids not fat 


equals the ratio desired in the finished product. 

2. The line connecting the points representing the composi¬ 
tions of the materials to be combined in the mixture is the locus 
of all points representing the composition of every possible com¬ 
bination of these materials alone. 

3. The intersection of the ratio line and composition line is a 
point which represents the only combination of the materials used 
which can furnish fat and solids not fat in the desired ratio. 



MOLD AND YEAST COUNTS AND THEIR RELATION TO 
THE COMPOSITION OF BUTTER* 

H. MACY 

Division of Dairy Husbandry, University of Minnesota , St. Paul , Minnesota 

The mold and yeast counts of butter have attracted consider¬ 
able attention during recent years. Lund, Hood, Bouska and 
others have presented data to show the value of these counts in 
the control of manufacturing methods. A certain degree of 
success has been attained in improving the quality of butter 
through the interpretation of these mold and yeast counts. This 
improvement has been effected largely through the more effi¬ 
cient pasteurization of the cream and better sanitation in the 
creamery. Unquestionably, these counts are fair indices of the 
general sanitation in the creamery. While they cannot be taken 
per se as criteria of efficient pasteurization, high counts may 
often be traced to insufficient heating or holding, or both. Rou¬ 
tine analyses of butter, including the determination of the mold 
and yeast counts, make it possible for a supervisory agency to 
trace difficulties in creamery practice. 

Under practical conditions, however, one must always take 
into account a combination of circumstances, including the time 
element, temperature and the composition of the butter when 
the mold and yeast counts are to be interpreted. Bouska points 
out, for instance, that counts made upon unsalted butter are 
unreliable after the butter is twenty-four hours old, due to the 
fact that there is the probability of the growth of the micro¬ 
organisms particularly if the temperature and other conditions 
are favorable. 

There is a great deal that is still to be learned concerning the 
factors which influence the development of mold in butter. 
Thom has demonstrated that the amount of salt present is a 

* Published with the approval of the Director as paper number 468, Journal 
ISeries of the Minnesota Experiment Station. Received for publication De¬ 
cember 3,1926. 
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factor of much importance. However, the information available 
upon this point is relatively meager and deserves further study. 
Factors, such as moisture content of the butter, humidity of the 
atmosphere, temperature, physical and chemical constitution 
of the butter and others, are challenges for extensive investigation. 
The utmost value of the mold and yeast counts cannot be reached 
until we have cleared up some of the unknown variables. 

We have under way in our laboratories extensive studies upon 
the factors influencing the development of mold in butter. In 
connection with these investigations, we have had occasion to 
make mold and yeast counts of a large number of samples of 
butter from several hundred creameries. At the same time, the 
composition of the butter was ascertained. 

The data obtained in this survey serve as a starting point for 
further studies. The material which is offered at this time is to 
be considered as preliminary and will be amplified later by con¬ 
trolled experiments. 


SOURCE OF MATERIAL 

Samples of 2700 lots of butter of varying composition, age and 
quality were taken at random from 60-pound tubs as they were 
shipped to the eastern markets. 

METHODS OF ANALYSIS 

A butter trier was used to remove a plug of butter from the 
tub. This sample was then placed in a sterile 4-ounce glass jar, 
provided with an aluminum screw top. 

The mold and yeast counts were made after melting the butter 
at 98° to 100°F. by plating 1 cc. of the melted butter. The 
plates were poured with whey agar. Before pouring, 1 cc. of 
1 per cent sterile tartaric acid solution was added to each plate. 
The plates were incubated at room temperature (20° to 25°C.) 
for three days before counting. Counts are reported per cubic 
centimeter of butter. 

The modified Kohman method was used for the determination 
of the moisture and salt. The curd was arbitrarily assumed as 
1 per cent and the fat calculated by difference. 
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Per oent 
of 

Sample* 



Paroant of moieture 

Fio. 1. Distribution op Samples on the Basis op Moisture Content 

Per cant 
of 

3anplee 



Per oent of Salt in Brine 

Fiq. 2. Distribution of Samples on the Basis of Salt Content 


PRESENTATION OP DATA 

The percentage distribution of the samples upon the basis of 
the percentage of moisture, salt and “salt in brine” is indicated 
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in figures 1 to 3. These serve as a background for the presenta¬ 
tion of the tables which follow. 

It will be noted that the samples have been arranged in groups 
in each chart. Some of the extreme groups represent a consoli¬ 
dation of samples over a wide range because of the small number 
ofjsamples. Otherwise the groups are within limits of 0.5 or 1 
per cent, as the case may be. The distribution charts should be 
self-explanatory. 



Fig. 3. Distribution op Samples on the Basis op Percentage op Salt in 

Brine 

Inpresenting the mold and yeast counts, individual counts of 
the samples are not given. It is obvious that it would be im¬ 
practical to give the figures on each of the 2700 samples. Conse¬ 
quently, the counts on the various samples have been segregated 
into four classes, namely, those with counts of (o) 10 or less, 
(6) 11 to 50, (c) 51 to 100 and (d) 101 and over. 

Counts of 10 or less may be considered as evidence of excellent 
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work in the creamery while those over 100 are to be rated as 
poor or at best questionable. 

The percentage of samples falling into each class has then 
been determined for each group of samples previously set up on 
the basis of the composition of the butter. Thus, it will be noted 
in table 1 that 13.3 per cent of the samples having a moisture 
content of 11.9 to 13.4 per cent showed a total count of 10 or less, 
while 33.4 per cent had a total count between 11 and 50, and so on. 


TABLE 1 

Relation of total mold and yeast counts to moisture content (salted butter) 


DISTRIBUTION OF TOTAL COUNTS IN EACH GROUP 


MOISTURE CONTENT 


OP BUTTER 

10 or less 

11 to 50 

51 to 100 

101 or more 

percent 

per cent 

per cent 

per cent 

per cent 

11 . 9 - 13.4 

13.3 

33.4 

13.3 

40.0 

13 . 5 - 13.9 

10.0 

40.0 

12 5 

37.5 

14 . 0 - 14.4 

9.5 

32.6 

13.7 

44.2 

14 . 5 - 14.9 

11.6 

31.8 

23.3 

33.3 

15 . 0 - 15.4 

15.9 

32.2 

23.5 

28.4 

15 . 5 - 15.9 

13.5 

34.4 

23.1 

29.0 

16 0-16 4 

18,3 

37.1 

21.4 

23.2 

16 . 5 - 16.9 

10 2 

35.4 

23.7 

30.7 

17 . 0 - 17.4 

15 1 

* 36.4 

10.6 

37.9 

17 . 5 - 17.9 

3.7 

51.9 

29.6 

14.8 

18 . 0 - 18.4 

13.3 

26.7 

40.0 

20.0 

18 . 5-22 6 

8 3 

16 7 

8 3 

66 7 


Table 1 illustrates the distribution of the total counts in rela¬ 
tion to the moisture content of the salted butter. It will be 
noted that there is no marked relationship between the count 
and the moisture content. The increased amount of the moisture 
in the butter does ncft seem to reflect any marked increase in the 
percentage of high counts or vice versa. There is a slight tend¬ 
ency toward higher counts in the high moisture butter but the 
small number of samples in these extreme groups may temper 
the significance of this fact. 

Due to the limited number of samples of unsalted butter, the 
figures for them are not reported. They show the same tendency 
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as the salted butters, that is, no marked relationship between 
total counts and moisture. 


TABLE 2 


Relation of mold counts to moisture content (salted butter) 


MOISTURE CONTENT 

DISTRIBUTION OF MOLD COUNTS IN EACH GROUP 

OF BUTTER 

10 or less 

11 to 50 

51 to 100 

101 or more 

per cent 

per cent 

per cent 

per cent 

per cent 

11 9-13 4 

53.3 

26.7 

13 4 

6.6 

13 5-13.9 

45 0 

37.5 

5 0 

12.5 

14 0-14.4 

47.4 

34.7 

8 4 

9.5 

14 5-14 9 

47.7 

33 3 

9 0 

10 0 

15.0-15 4 

51 3 

34 0 

8.3 

6.4 

15 5-15.9 

48.8 

38.3 

7 4 

5.5 

16 0-16 4 

54 9 

36 1 

4 6 

4.4 

16.5-16 9 

46.5 

42.3 

6 5 

4.7 

17 0-17 4 

43.9 

45.5 

6 1 

4.5 

17.5-17 9 

55 6 

29 6 

11 1 

3.7 

18 0-18 4 

46 7 

33 3 

6 7 

13.3 ’ 

18 5-22 6 

25 0 

50 0 

0 0 

25.0 


TABLE 3 

Relation of yeast counts to moisture content (salted butter) 



DISTRIBUTION OF TEAST COUNTS IN EACH GROUP 

MOISTURE CONTENT 
OF llUTTEIt 

10 or less 

11 to 50 

51 to 100 

101 or more 

per rent 

per cent 

per cent 

j>er cent 

per cent 

11.9-13.4 

13 3 

46.7 

20.0 

20.0 

13 5-13 9 

22 0 

36.5 

19 5 

22.0 

14 0-14.4 

20 8 

36 5 

11.4 

31.3 

14 5-14 9 

29 3 

35.1 

16 8 

18.8 

15.0-15.4 

27.3 

41.8 

13 3 

17.6 

15.5-15 9 

25 9 

40.8 

14 7 

18 6 

16 0-16.4 

30 9 

39 5 

14 6 

15.0 

16.5-16 9 

24 8 

36.3 

17.1 

21 8 

17 0-17 4 

35.4 

23.2 

13.4 

28.0 

17.5-17.9 

25.5 

29 8 

21.3 

23 4 

18.0-18.4 

22 7 

36.4 

13.6 

27.3 

18.5-22.6 

33.3 

8 4 

33 3 

25 0 


In table 2 the data for the mold counts indicate the same lack 
of direct correlation. This is also true for the unsalted samples. 
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The relation between the yeast counts and the moisture is 
shown in table 3. There is no evidence that the moisture con¬ 
tent influences the yeast counts. This also holds for the un¬ 
salted samples. 


TABLE 4 

Relation of total mold and yeast counts to salt content 


•ALT CONTENT 

OP BUTTER 

DISTRIBUTION OF TOTAL COUNTS IN EACH GROUP 

10 or less 

11 to 50 

51 to 100 

101 or more 

per cent 

per cent 

per cent 

i 

per cent 

per cent 

Unsalted 

0.9 

2.7 

2.7 

93.7 

0.5-0.9 

0.0 

16.7 

0.0 

83.3 

1.0-1.4 

6.5 

6 5 

19.3 

67.7 

1.5-1.9 

100 

24 4 

21.5 

44.1 

2.0-2.4 

12.2 

31.9 

22 7 

33.4 

2.5-2.9 

17.2 

37.1 

22.8 

22.9 

3.0-3.4 

16.3 

45.7 

20 8 

17.2 

3.5-3.9 

22.9 

43.8 

18.7 

14.6 

4.0-5.9 

42.8 

28 6 

28.6 

0.0 


TABLE 5 

Relation of mold counts to salt content 

DISTRIBUTION OF MOLD COUNTS IN EACH GROUP 


SALT CONTENT 


OF BUTTER 

10 or less 

11 to 50 

51 to 100 

101 or more 

per cent 

per cent 

per cent 

per cent 

per cent 

Unsalted 

7.0 

6.1 

8.0 

78.9 

0.5-0.9 

16.7 

33.3 

0.0 

50.0 

1.0-1.4 

41.9 

22.6 

16.1 

19.4 

1.5-1.9 

44.1 

37.0 

7.4 

11.5 

2.0-2.4 

47.2 

38.5 

8.1 

6 2 

2.5-2.9 

53.4 

36.8 

5.8 

4.0 

3.0-3.4 

55.3 

32.3 

7.0 

5.4 

3.5-3.9 

56 J3 

37.5 

2.1 

4.1 

4.0-5.9 

66.7 

33.3 

0.0 

0.0 


However, when we come to table 4 we find that there is a 
marked correlation between the total counts and the salt con¬ 
tent of the butter. This is particularly striking in the low and 
high count columns. As the percentage of salt increases, the 
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percentage of high counts decreases. The intermediate classes 
do not demonstrate this quite as distinctly as might be expected. 

With the mold counts, as shown in table 5 we observe the 
same tendency for the high counts to be associated with the 

TABLE 6 

Relation of yeast counts to salt content 


SALT CONTENT 

OF BUTTER 

DISTRIBUTION OF YEAST COUNTS IN BACH GROUP 

10 or less 

11 to 50 

51 to 100 

101 or more 

per cent 

per cent 

per cent 

per cent 

per cent 

Unsalted 

28.1 

14.0 

16.7 

41.2 

0.5-0.9 

50 0 

16.7 

16 6 

16 7 

1.0-1.4 

25.8 

6.5 

16.1 

51.6 

1 5-1.9 

21.1 

32.9 

17.4 

28.6 

2 0-2.4 

21.7 

39 5 

18 0 

20.8 

2.5-2 9 

31.5 

40.3 

12.9 

15.3 

3 0-3 4 

34 8 

46.6 

10.9 

7.7 

3 5-3 9 

43 8 

45.8 

6.3 

4.1 

4 0-5 9 

42.9 

57.1 

0.0 

0.0 


TABLE 7 

Percentages of salt in brine mth various combinations of salt and moisture in butter 


SALT IN BRIN® WHEN PERCENTAGE OF SALT IN BUTTER IS 


CONTENT OF 
BUTTER 

l 

2 

3 

4 

5 

6 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

20 

4.76 

9.09 

13 04 

16 66 

30 00 

23.08 

19 

5.00 

9.52 

13 64 

17.39 

20.83 

24 00 

18 

5 26 

10 00 

14.29 

18.18 

21.74 

25.00 

17 

5.56 

10.53 

15.00 

19 05 

22.73 

26.09 

16 

5.88 

11.11 

15.79 i 

20 00 

23.81 

27.27 

15 

6 25 

11.77 

16 67 

21.05 

25.00 

28.57 

14 

6.66 

12.50 

17.65 | 

22.22 

26.32 

30 00 

13 

7.14 

13 33 

18 75 

23.53 

27.78 

31.58 

12 

7.69 

14.28 

20.00 

25.00 

29.41 

33.33 


low salt concentrations. As before, the relationship is particu¬ 
larly marked in the classes with low and high counts. 

The yeast counts do not demonstrate such a sharp curve, as 
will be noted in table 6. Here there is a general tendency for 
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TABLE 8 

Relation of total mold and yeast counts to salt content of brine 


SALT CONTENT OF 
BRINE 

DISTRIBUTION OF TOTAL COUNTS IN EACH GROUP 

10 or lees 

11 to 50 

50 to 100 

101 or more 

per cent 

per cent 

jwr cent 

per cent 

percent 

Unsalted 

0.9 

2.7 

2.7 

93.7 

0.4- 7.9 

4.3 

4.4 

87 

82 6 

8.0- 8.9 

8.9 

17.8 

24.4 

48.9 

9.0- 9.9 

11.4 

24 0 

19.8 

44 8 

10 0-10.9 

15.3 

27.9 

18.2 

38 6 

11.0-11.9 

11.1 

31.7 

25.9 

31.3 

12.0-12.9 

10.3 

33 9 

21 8 

34.0 

13.0-13.9 

15.1 

31.2 

24.2 

29.5 

14.0-14 9 

16.1 

36 4 

23 2 

24 3 

15.0-15.9 

15.7 

44.4 

20 2 

19.7 

16.0-16 9 

19.6 

41.1 

22 6 

16.7 

17.0-17.9 

17.6 

45.6 

23 5 

13.3 

18.0-18.9 

22.2 

38 9 

19.5 

19.4 

19.0-26.9 

31.8 

36.4 

27.3 

4.5 


TABLE fl 

Relation of mold counts to salt content of brine 


DISTRIBUTION OF MOLD COUNTS IN EACH GROUP 


SALT CONTENT OF 


BRINE 

10 or Ices 

11 to 50 

51 to 100 

101 or more 

per eent 

per cent 

per cent 

per cent 

per cent 

Unsalted 

7.0 

6 l 

8.0 

78.9 

0.4- 7.9 

30.5 

21.7 

8 7 

39.1 

8.0- 8 9 

42.2 

44 4 

6.7 

6.7 

9.0- 9.9 

46.9 

33.3 

10.4 

9.4 

10,0-10.9 

47.2 

34 7 

<6.8 

11.3 

11.0-11.9 

44.0 

42 0 

8.2 

5.8 

12.0-12.9 

51.3 

36.6 

5.8 

6.3 

13.0-13.9 

47.7 

33.0 

7 9 

5.4 

14.0-14.9 

53r 4 

35 6 

6.4 

4.6 

15.0-15 9 

53.9 

35.3 

6.0 

4.8 

16 0-16.9 

57.7 

34 0 

3.6 

4.7 

17.0-17.9 

48.5 

38 2 

5 9 

7.4 

18 0-18.9 

63.9 

16.7 

16 7 

2.7 

19.0-26.9 

50.1 

36.4 

0 0 

4.5 
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the high salt percentages to be related with low yeast counts but 
there are some noticeable irregularities. Yeasts do not appear 
to be quite as sensitive to salt concentration as the molds. 

After these relationships were studied it was thought advisable 
to investigate the correlation between the concentration of the 
salt in the moisture and the counts. Consequently, the per¬ 
centage of “salt in brine” was calculated by dividing the per¬ 
centage of salt (as determined by analysis) in each sample by 
the sum of the percentage of salt and moisture. 

TABLE 10 

Relation of yeast counts to salt content of brine 


a it w nrkW’nfwi’ nir 

DISTRIBUTION OF YEAST COUNTS IN EACH GROUP 

BALT lOrlTwM viF 
BillNK 

10 or less 

11 to 50 

51 to 100 

101 or more 

per cent 

per cent 

per cent 

per cent 

per cent 

Unsalted 

28.1 

14 0 

16 7 

41.2 

0 4-79 

34 8 

8.7 

8 7 

47.8 

8.0- 8.9 

24.4 

17.8 

26 6 

31.2 

9.0- 9 9 

19 8 

33 3 

13.6 

33.3 

10 0-10 9 

27 3 

33 5 

15.3 

23 9 

11 0-11.9 

22.6 

41 2 

17.7 

18.5 

12 0-12 9 

18.7 

40.0 

19 6 

21.7 

13.0-13 9 

26 6 

38 7 

15.5 

19.2 

14 0-14 9 

30 2 

40 4 

14 2 

15.2 

15.0-15 9 

33.6 

42 5 

11.4 

12.5 

16 0-16 9 

33.9 

45.3 

10 7 

10.1 

17.0-17 9 

41 2 

48 5 

7 4 

2.9 

18 0-18.9 

47.2 

41 7 

5 6 

5.5 

19 0-26 9 

36.4 

63 6 

0 0 

0 0 


Table 7 is introduced to illustrate how the percentages of salt 
in brine would vary with different combinations of salt and 
moisture. This may assist in the interpretation of the remain¬ 
ing tables. It is recognized, of course, that not all of the salt 
will be uniformly distributed in the water, a fact which will be 
mentioned later, but the possible relationships of brine and counts 
are suggestive. 

In table 8, the relation between the total counts and the 
percentage of salt in brine is illustrated. While the effect is not 
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as regular as that of salt, it is quite marked, in the classes of 
low and high counts and particularly the latter. With the 
increase in the concentration of salt in brine, there is a corre¬ 
sponding decrease in the number of samples with high counts. 

When we consider the mold counts in table 9, we find that the 
effect of the salt concentration in the brine is again marked, 
although it is not as distinct an effect as that shown by the salt 
alone. However, it is significant. Here again high mold counts 
are correlated with low salt concentration. 

As we might predict, table 10 shows that the yeasts are not 
as sensitive to the salt, although there is a somewhat general 
trend toward higher counts with low percentages of salt in 
brine. 


DISCUSSION OP RESULTS 

These samples of typical market butter, varying in age from 
about one day to two weeks were analysed without regard for 
that fact. The chemical analyses paralleled the making of the 
mold and yeast counts. The results simply indicate the possible 
relationship between the composition of the butter and the mold 
and yeast counts. They are at least suggestive. There has been 
very meager information in' the literature to show such relation¬ 
ships, especially on a large number of samples of butter. How¬ 
ever, it is clearly understood that the results must be interpreted 
with judgment. We do not know how much effect the various 
constituents of butter may actually have had upon the growth of 
the molds or yeasts from the time the butter was made until it 
was analysed. At any rate, some very good clues have been 
uncovered. Investigations to elucidate causal factors are now 
in progress in our laboratory. The results should throw some 
light on the subject and clear up some of the puzzling details. 

There is also a factor to be considered in the interpretation of 
mold and yeast counts, such as those reported, namely, individ¬ 
ual workmanship in a creamery. The operator who is care¬ 
less about the control of the composition of the butter may be 
likewise careless about sanitation and pasteurization. This may 
have influenced discrepancies in the extreme groups. 
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The most striking feature of the data presented is to be found 
in the correlation between the salt content of the butter and the 
mold and yeast counts. The effect of the concentration of salt 
in brine appears to be significant. 

It is well to bear in mind, however, when we are considering 
the relationship of moisture, salt or brine, that, while the ordi¬ 
nary butter analysis may show, gravimetrically, the total amount 
of salt or moisture in the entire sample of butter, it does not 
reveal the nature of the dispersion, the amount of dissolved or 
undissolved salt, or whether the particles of salt or water, and 
the combinations of the two are evenly or unevenly distributed 
throughout the sample. Many of the secrets of the defects in 
the keeping quality of butter may be found to be hidden in the 
physico-chemical makeup of butter and the relative distribution 
of the particles of water, salt, curd and air. The solution of at 
least a part of the problem of the factors influencing the growth 
of mold in butter may be found in these delicate balances. 

SUMMARY 

1. Data are presented for 2700 samples of market butter, 
setting forth the mold and yeast counts and the composition. 

2. The mold and yeast counts are compared with the concen¬ 
trations of moisture, salt and "salt in brine.” 

3. Apparently, the moisture content of the butter had no 
particular relationship to the counts. 

4. The mold and yeast counts appeared to be effected to a 
marked degree by the salt content of the butter. 

5. The percentage of “salt in brine” seemed to show an effect 
upon the mold and yeast counts. 

6. The influence of higher concentrations of salt and “salt in 
brine,” appeared more marked for mold than for yeast counts. 



INCREASING THE YIELD OF CHEESE BY THE ADDI¬ 
TION OF CALCIUM CHLORIDE TO MILK* 

GEORGES KNAYSI and J. D. NELSON 
Department of Dairy Industry , Cornell University , Ithaca , New York 

As a result of his work on the chemistry of milk, Lindet 
pointed out, in 1913, the possibility of increasing the yield in 
cheese, from a given amount of milk, by the addition to the 
milk of CaCl*. A few trials were made by some French cheese- 
makers, and an increase varying from 1.50 to 7.22 per cent was 
reported. The experiments reported, however, were not con¬ 
ducted on a scientific basis, and no attempt was made to deter¬ 
mine the source of that increase, which might have been due to 
an increase in the moisture content of the cheese, to a decrease 
of the fat losses in the whey, to a more complete precipitation of 
the other milk solids, or to a combination of some or all of the 
above factors. 

The following experiments are preliminary to more extensive 
ones which will be carried on in this department in order to ob¬ 
tain more complete and accurate data in regard to the magnitude 
of that increase, its source, and the effect of CaCl* on the flavor, 
character, and ripening qualities of American cheddar cheese. 

Table 1 sums up the results of four experiments which have 
been conducted with American cheddar cheese. The milk was 
mixed in a vat, and two equal quantities weighed out and sub¬ 
sequently treated alike as much as possible, except that one 
portion received CaCL and a smaller amount of rennet extract, 
so that both portions-coagulated nearly at the same rate. The 
cheeses were weighed as soon as taken out of the press and 
sampled, and the samples were tested for fat and total solids. 

Table 1 shows that a certain increase in cheese was always 
secured when CaCU was added to the milk previous to the ad¬ 
dition of rennet extract. The increase probably varies with the 

* Received for publication October 7, 1926. 
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TABLE 1 


Magnitude and source of the increase in cheese resulting from the addition of CaClt 

to the milk 








COMPOSITION 

HU MB SB 






OF THE CHEESE 

OF 

WEIGHT 


YIELD OF 

increase in yield 



CXPER1- 

OF MILK 


CHEESE 

DUE TO CaCli 



MINTS 





i 

Fat 

Total 

solids 


pounds 


pounds 

pounds 

per cent 

per cent 

per cent 

M 

281.0 

3.4 ounces dry CaCl 2 

31.4 

1.5 

5.0 

32.0 

59.52 

281.0 

No CaCli 

29.9 

32.0 

59.4 

“{ 

283 0 

3.4 ounces dry CaCl* 

33.7 

1.9 

6 0 

33.5 

63.15 

283.0 

No CaClj 

31.8 

33.5 

63.64 

f 

282.5 

4.4 ounces crystallized 

28.7 



32.5 ! 

62.64 

‘"1 

282 5 

CaCli 

NoCaClj 

27.7 

1.0 

3.6 

31.0 

63 02 

( 


4.4 ounces crystallized 

26 06 



30.5 

62.61 

,v| 


CaCl 2 

No CaCl* 

25.18 

0.88 

3 5 

31.5 

62.90 


TABLE 2* 

Sources of increase in yield of cheese of CaCl% treated milk 


POUNDS OF CHEESE FROM 
•HE SAME QUANTITY OF MILK 

POUNDS OF PAT IN 
THE CHEESE 

POUNDS OF S.N.F. IN 
THE CHEESE 

POUNDS OF MOISTURE 
IN THE CHEE8E 

CaCli 

None 

CaCli 

None 

CaCl* 

None 

CaCh 

None 

31.4 



9 568 

8 641 

8.193 

8 11 U 


mSm 


11 289 



9.584 



w3M 


9 327 

8 587 1 


8.869 



26.06 

25.18 

7.948 

7 932 

! 8.368 

L_ 

7.906 

9.743 

9 342 


Totals 


119.86 

114.58 

38 612 

36 740 

35.651 

34.552 

45 593 

43.286 

Gain of CaCl* in yield and content of fat, S.N.F., and moisture of CaCl* over none 

+5.28 


+1.872 


+ 1 099 

i 

! 

+2.307 ! 



Total gain of each ingredient - 5.278. 

Total gain of cheese * 5.28. 

* We owe this table to the courtesy of Dx. W. V. Price of this department. It 
is based on the data given in table 1. 
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composition of the milk, and also with the amount of CaCl* 
added. In experiments III and IV, crystallized CaCl* was 
added, and probably that was mainly responsible for the drop in 
the percentage of increase. One-tenth of one per cent of anhy¬ 
drous CaCl* should be added. 

In table 2 the sources of that increase are shown to be due to 
more moisture and fat incorporated, and to an increase in the 
milk-solids-not-fat retained in the cheese. The firmness of the 
curd from the milk to which CaCl* has been added might have 
cut down the amount of small particles carried away in the whey, 
but other work that we have done shows that there is a more 
complete precipitation of the soluble milk solids and seems to 
confirm Iindet’s finding that the addition of CaCl* to milk re¬ 
sults in the precipitation of 4.2 to 15.1 per cent of the soluble 
milk proteins, but we did not check up his other report that at 
the same time 26.0 to 40.9 per cent of the soluble milk phos¬ 
phorus is precipitated. 

While the data on hand is still scanty, it shows, nevertheless, 
remarkable economic possibilities. Not only do we get about 
5 per cent more cheese from a given amount of milk, but there 
is a saving of rennet extract, and we see also possibilities in re¬ 
ducing the amount of starter needed. The curd is more easy to 
handle and the cheese probably has a superior nutritive value 
due to a more complete precipitation of the phosphorus and the 
calcium, while there are yet no indications that either the flavor 
or the ripening qualities of the cheese are impaired. 

The chemical changes involved may be very complex, but it 
seems probable that, due to the condition of dynamic equilibrium 
in which the soluble salts of the milk serum probably are, the 
addition of CaCl* to milk favors the formation of the insoluble 
calcium phosphates and citrates at the expense of the phos¬ 
phates and the citrates of sodium and potassium in which the 
caseins of the milk are soluble, as shown by Lindet. That, and 
the depressing effect of the CaClj upon the dissociation of cal¬ 
cium caseinate with which it has a common ion, probably explain 
the more complete precipitation which takes place on the addi¬ 
tion of CaCl* to milk. 
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We feel thus justified in advocating a thorough trial of the 
use of CaCl 2 in cheese making, and we hope that more data will 
be forthcoming soon in regard to the points touched on in this 
paper. 
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THE NON-PROTEIN NITROGEN IN CERTAIN DAIRY 
RATIONS AND THE PARTITION OF NITROGEN IN 
THE URINE PRODUCED THEREON* 

W. E. KRAUSS 

Department of Animal Husbandry , Cornell University , Ithaca t New York f 

In a recent publication from this laboratory by Maynard, 
Miller and Krauss (1) there are reported some nitrogen balance 
studies comparing the protein efficiencies for milk production 
of a clover ration and a timothy ration. In these studies digesti¬ 
ble crude protein was the basis used for computing the experi¬ 
mental rations and also for comparing certain of the results 
obtained. 

It was recognized that the rations being compared contained 
a large proportion of their nitrogen in compounds other than 
proteins and that, since in one ration a much larger proportion 
of the nitrogen was supplied by roughage than was the case in the 
other, the rations presumably differed markedly in the forms of 
nitrogen making up what was considered as digestible crude pro¬ 
tein. In view of the difference of opinion as to the usefulness 
of non-protein nitrogen in animal nutrition and the adoption by 
certain teachers of the Armsby feeding standard which considers 
non-protein nitrogenous compounds of no value except as a source 
of energy, it seemed worth while to embrace the opportunity 
provided by the nitrogen-balance experiment to study the rela¬ 
tive amounts of protein and non-protein nitrogen in the rations, 
and the partition of this ingested nitrogen in the urine and feces. 
It was believed that Such a study would furnish further data on 
the question as to whether digestible true protein or digestible 
crude protein is the better basis for computing protein require¬ 
ments, and that it would also aid in the interpretation of the 

* Received for publication May 21, 1927. 

t Also presented to the Faculty of the Graduate School of Cornell University, 
June, 1926, in partial fulfillment of the requirements for the degree of Doctor of 
Philosophy. 
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results of the nitrogen-balance experiment. This paper presents 
the results of an attempt to study these questions. 

REVIEW OF LITERATURE 

In 1911, Armsby (2) summarized the evidence regarding the nutri¬ 
tive value of non-protein nitrogen from which he concluded that this 
nitrogen is much inferior to protein nitrogen for production feeding. 
In 1917, Armsby (3) again discussed the question, stating that digestible 
true protein seems a safer basis for the computation of rations. On the 
other hand the reasons why the amids should not be ignored have been 
stated by Henry and Morrison (4). 

In 1924, Forbes (5) reviewed the question of crude and true protein, 
deciding that the distinction had largely lost its significance in view of 
the newer knowledge of protein katabolism and that the use of the 
crude protein standard should be continued. More recently Mitchell 
(6) has also expressed a similar view. 

Actual experiments regarding the replacement value of non-protein 
for protein had been carried out principally by German investigators. 
The idea was early advanced that microorganisms in the digestive 
tract of ruminants may convert non-protein into protein and the early 
work along this line has been reviewed by Armsby (2). Within the 
past few years a number of German investigations have been published 
which it seems worth while to review because of their contribution to the 
question of crude and true protein. 

Voltz (7), using a full-grown wether, found that a ration in which 
slightly more than half of the nitrogen was furnished by urea allowed 
1.2 grams of nitrogen daily for meat production. From previous trials, 
it was computed that the use of urea had increased the digestible nitro¬ 
gen 77.7 per cent. 

On a ration in which the only source of nitrogen was urea, the same 
investigator increased the weight of a wether lamb in nine months from 
29.29 kgm. to 41.2 kgm., or 40.8 per cent of the initial weight. The 
explanation given for this is that the urea was built up into bacterial 
protein in the digestive tract, and 80 to 90 per cent of this bacterial 
protein was absorbed. It was calculated that 350 grams of urea would 
replace 1000 grams of protein. Voltz considers as unproved the view 
that the amids are worthless as a food for ruminants because they are 
alleged to have no worth in a production ration, and maintains that the 
nitrogen content of a ration be measured in terms of digestible crude 
protein rather than digestible true protein. Salkowski (8) objected to 
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Voltz’s interpretation on the ground that the necessary sulfur for pro¬ 
tein formation could not have been furnished by the hydrolyzed straw 
used in the rations. 

Morgen and coworkers (9), experimenting with lactating sheep and 
goats over a period of several years, found that when 30 to 40 per cent 
of the protein of a ration suitable for milk production was replaced 
with urea no appreciable change occurred in the milk production. In 
the following year, Morgen, Windheuser and Ohlmer (10) pointed 
out that too much urea was unsuitable. 

Following up his earlier investigations with an extensive series of 
studies on dairy cows, Voltz and coworkers (11) were able to furnish 
additional proof of the replacement value of urea for milk production. 
As a result of these trials, the authors recommend supplementing pro¬ 
tein-poor rations for cattle and sheep with urea, about 150 grams per 
day being considered the optimum amount. 

Similar results were obtained by Honcamp, Koudela and Muller 
(12) who found that cows will handle from 150 to 200 grains of urea 
per head per day without ill effects of any kind, and that on a protein- 
poor, but easily digestible carbohydrate-rich ration a supplement of 
urea causes an increase in the amount of milk and fat produced. 

Morgen, Windheuser and Ohlmer (13) did not obtain an increase in 
milk production in sheep and goats by adding urea to low protein 
rations, but did in almost every case obtain an increase in the amount of 
fat produced. 

Further evidence of the truth of the protein-bacteria theory was ob¬ 
tained by Honcamp and Schneller (14), working with wethers, who 
found that urea, when added to a ration consisting of roughages, was 
almost quantitatively excreted in the urine. When easily digestible, 
carbohydrate-rich feeds were given, a marked positive nitrogen balance 
resulted. On such a ration, in addition to the activity of the bacteria, 
a protein sparing action is brought about by the combination of am¬ 
monia from urea with organic acids from the carbohydrates. 

More light is thrown 1 upon the bacterial activity occurring in the 
first stomach of ruminants by Schwarz (15). In ICO kgm. of paunch 
contents he found 2.79 kgm. of microorganisms containing 41 grams of 
nitrogen or 256 grams of protein, 80 to 90 per cent of which, according 
to Voltz, could be utilized. It was suggested as being possible that a 
great part of the protein requirement of ruminants is satisfied indirectly 
by microdrganism-protein into which the plant nitrogen is converted 
in the paunch. It is also possible that specific organisms break down 
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the food while others assimilate it. Medium hay contains about 3 
per cent digestible protein whereas the microorganisms in the paunch 
contained 7.4 to 8.3 per cent digestible protein. The author believes 
that unquestionably through such a concentration of the digestible 
protein in the paunch its further usefulness in the intestine is made 
possible. 

Based upon the results of the investigations just cited, it would 
seem that in ruminants the change of non-protein to protein by bacteria 
may be a considerable factor, and to the extent that this bacterial 
synthesis occurs the question of quality of protein may be of little 
importance in ruminants. 

EXPERIMENTAL PROCEDURE 

The nitrogen-balance experiment, in connection with which 
the study here described was made, has been reported by May¬ 
nard, Miller and Krauss (1) and the reader is referred to this 
publication for a detailed account of the experimental procedure 
which furnished the materials for the study here reported. 

The plan for the nitrogen-balance experiment provided that 
three cows were to receive in successive periods a ration of clover 
hay, silage and grain, and a ration of timothy hay, silage and 
grain, each ration to supply equivalent amounts of digestible 
crude protein and total digestible nutrients in accordance with 
the weight and production of each cow. It was stipulated that 
the intake of total digestible nutrients should be adequate ac¬ 
cording to the Morrison standard, but that the protein intake 
should be limited to an amount that would throw the animals 
into negative nitrogen balance, under which conditions a com¬ 
parison of the relative efficiency of the nitrogen of the two rations 
would become possible. 

The studies described in the present paper were made upon the 
samples of feeds, feces and urine obtained in the nitrogen-balance 
studies made in two successive years. The first year’s study, 
comprising trial 1 in which clover hay was used, and trial 2 in 
whioh timothy hay was used, was carried out in the winter of 
1923-1924. The second year’s study, comprising trial 3, timothy, 
and trial 4, clover, was carried out during the corresponding 
period of 1924-1925. 
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The feeds and rations 

The ingredients of the grain mixtures and the average daily 
rations consumed are shown in table 1. In trial 1, 35 grams of 
salt per day were fed; in trial 2, 45 grams, and in trials 3 and 
4, 60 grams. 

Substantially the same amounts of hay and silage were used 
in all trials, 1 the grain being varied in kind and amount to supply 
the additional digestible crude protein and total digestible nu- 


TABLE 1 

Ingredients of grain mixtvres and average daily rations consumed 


TRIAL 

COW 

COMPOSITION' OP GRAIN MIXTURE 

TOTAL 

GRAIN 

TIMOTHY 

HAY 

CLOVER 

HAY 

8ILAOE 

Corn 

meal 

Ground 

oats 

Wheat 

bran 

Oil 

meal 



per cent 

per cent 

per cent 

per cent 

grams 

grams 

grams 

grams 


1 

59 67 

20.17 

13 44 

6.72 

8,358 


5,444 

18,144 

1 

2 

45.19 

27.41 

18.27 

9.13 

6,276 


5,226 

18,144 


3 

54.65 

22.67 

15.12 

7.56 

10,134 


5,225 

17,517 

( 

1 

35 29 

32 36 

21 57 

10.78 

8,970 

5,444 


18,144 

2 { 

2 

25.19 

37.40 

24 94 

12.47 

6,794 

4,536 


12,096 

\ 

3 

26.79 

36.61 

24.40 

12 20 

10,722 

5,444 


18,050 

[ 

4 

33.42 

33 29 

22.19 

11.10 

8,934 

5,460 


18,144 

3 

5 

35.22 

32.39 

21.59 

10.80 

7,146 

5,460 


18,144 

l 

6 

40.79 

29.61 

19.73 

9 87 

7,244 

4,527 


17,085 

f 

4 

36.89 

63.81 



8,544 


5,460 

18,144 

4 

5 

61.20 

38.80 



7,224 


4,540 

18,144 

l 

6 

65.47 

34.53 



6,438 


4,540 

16,689 


trients necessary to meet the requirements with the roughages 
in question. Thus, with clover hay and silage, the grain supplied 
a much smaller percentage of the protein in the ration than where 
timothy and silage were used as the roughages. 

The grain mixture for every trial, except number 4, consisted 
of com meal, ground oats, wheat bran and linseed oil meal. In 
trial 4 it was necessary to limit the grain mixture to the two 

1 The exceptions to this statement noted in the table are explained in the 
publication by Maynard, Miller and Krauss (1). 
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concentrates lowest in protein to provide the desired plane of 
protein intake. The clover used in trial 1 was graded on the 
federal basis as number 2 heavy clover mixed; that used in trial 4 
was graded as number 1 clover. The timothy hay used in trial 2 
was graded number 2 timothy; that used in trial 3 was graded 
number 1 timothy. The silage used consisted for the most part 
of com which was rather immature and contained few ears. 

Distilled water was fed during trials 1 and 2, but during trials 
3 and 4 tap water was given. From the results of a recent 
analysis carried out by Dr. F. R. Georgia of the Department of 
Chemistry, of the water supply used in trials 3 and 4, it was 
found that the amount of nitrogen in the water was negligible. 

Chemical methods 2 

The feeds and feces were analyzed for total and non-protein 
nitrogen. The Kjeldahl-Gunning method was used for the total 
nitrogen determination. Non-protein nitrogen was obtained by 
analyzing for true protein nitrogen by the albuminoid nitrogen 
method adopted by the Association of Official Agricultural Chem¬ 
ists and subtracting this result from the total nitrogen. 

It was recognized, in view of the recent work on the distribu¬ 
tion of nitrogen in proteins and in plant tissues, that this method 
might have limitations as an accurate measure of the non-protein 
nitrogen. However, it is the method that has been employed 
wherever distinctions have been drawn between crude and true 
protein, and it is upon data obtained by this method that the 
protein requirement of the Armsby and Kellner feeding standards 
are based, on the usefulness of which the present studies were 
expected to throw some light. Both because of these facts and 
because no other generally recognized method of greater value 
was available, the method here used was chosen. 

For trials 1 and 2, urea nitrogen was determined by the Folin 
and Youngburg method (16) after extracting the ammonia with 
permutit. No analysis for ammonia nitrogen was made on the 

* Except for the total nitrogen determination, all urine analyses were made in 
the biochemistry laboratory of the Cornell Medical College. 
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urine collected in trials 1 and 2. In trials 3 and 4 special urine 
samples were acidified with sulphuric acid for the ammonia deter¬ 
mination. Upon analyzing these acidified samples for ammonia 
by Folin and Bell’s permutit method (17) no appreciable amount 
of ammonia could be detected. Likewise, when analyzed for urea 
by Folin and Youngburg’s method (16) and by the new Sumner 
method, no appreciable amount of ammonia was found. Think¬ 
ing that the acidity might be the cause of this, the same methods 
for determining ammonia and urea were applied to unacidified 
samples of the same urine, but similar results were obtained. The 
aeration method of Folin for ammonia as described by Hawk (18) 
and the aeration method of Van Slyke and Cullen (19) for urea 
were then tried and reasonable amounts of ammonia and urea 
were found. The failure of the other methods might have been 
due to the presence of some compound, possibly one containing 
an amino group, which prevented the action of Nessler’s solution. 

Hippuric acid nitrogen was determined throughout by the 
method of Folin as modified by Kingsbury and Swanson (20). 

Creatinine and creatine nitrogen were not determined in any 
of the trials reported here. However, in order to help explain 
the large amount of undetermined nitrogen in the urine, these 
two constituents were analyzed for in the urine of a cow used in a 
later trial of the nitrogen-balance experiment not included in 
this paper. Folin’s microchemical method (21) was used for both 
creatinine and creatine. 


RESULTS 

The distribution of non-protein nitrogen in the feed is given in 
table 2. It will be seen from a study of this table that the timothy 
hay used in both chses had a greater percentage of its total nitro¬ 
gen in the form of non-protein nitrogen than did the clover hay, 
the figures being, in per cent of total nitrogen, 16.12 and 19.78 
for timothy hay, and 2.34 and 10.38 for clover hay. This is in 
agreement with the results obtained by Grindley and Eckstein 
(22)* who found 15.43 per cent of the total nitrogen of timothy 

* Colloidal ferric hydroxide used as precipitant. 



NON-PROTEIN NITROGEN IN DAIRY RATIONS 


407 


TABLE 2 


Nitrogen content of feeds and feces 


COW 

Q 

M 

M 

h 

a 

N 

h 

tr, 

i 

TOTAL N 

k 

g 

5 

8 

I 

O 

fc 

g 

H 

S 

S3 

ft- 

fc 

O 

is 

§ 

B, 

& 

o 

fc 

5 

5i 

H S 

TOTAL N IN RATION AS 
NON-PROTEIN N IN 
ROUGHAGB 

NON-PROTEIN N OF RA¬ 
TION FURNISHED BT 
EACH FEED 

5 

S3 

5 

H 

Is 

IB 

S3 

■ 


(1) 

1 

(3) 

(4) 

(5) 

(6) 


(8) 

(9) 


Trial 1 (clover) 


■■■ 

0rams 



per cent 

grama 

per cent 

per cent 

per cent 

grama 

Hay 

5,444 

1.864 

101 48 


2 34 

2 31 


7 01 


Silage 

18,144 


63 14 

0 114 

20 68 

32 76 

7 058 

61 95 

24.56 

Grain 

8,358 

1 934 

161 64 

0 124 

10 36 

6 41 


31 04 


Ration 

31,946 

1.021 

326 26 

0.105 

33 38 

10.23 




Hay 

5,226 

1 864 

97 41 

0 043 

2 25 

2 31 

7.970 

5 57 


Silage 

18,144 


63 14 

0 114 

20 68 

32 76 


51 23 

11 57 

Grain 

6,276 


127 15 

0 278 

17 45 

13 72 


43.21 


Ration 


Ell 

287.71 

0 136 

40 38 

14 03 




Hay 

5,225 

1.864 

97 39 


2 25 

2 31 


! 4 23 


Silage 

17,517 


60 96 

0.114 

19 97 

32 76 

6.107 

37.59 

15.911 

Grain 

10,134 

2 027 

205 42 

0 305 

30 91 

15 05 


58.18 


Ration 

32,876 

1 106 

363 77 

0.162 

53 13 

14 60 





Trial 2 (timothy) 


Hay 

5,444 

0.825 

44 91 

0.133 

7.24 

16 12 


13 73 


Silage 

18,144 

0 390 

70.76 

0.141 

25 58 

36 15 

10.391 

48 51 

21.747 

Grain 

8,970 

2.232 

200.21 

0 222 

19 91 

9 95 


37 76 


Ration 

CO 

3 

si 

0.970 

315.88 

0.162 

52.73 

16.70 




Hay 

4,536 

0.825 

37.42 

0.133 

6 03 

16 12 


16.27 


Silage 

12,096 

0.390 

47.17 

0 141 

17 06 

36.15 

9.687 

45.99 

5.237 

Grain 

6,794 

2.263 

153.75 

0.206 

14 00 

9.10 


37.74 


Ration 

23,426 

1.017 

238.34 

0.158 

37.09 

15.56 




Hay 

5,444 

0.825 

44.91 

0.133 

7 24 

16 12 


9.27 


Silage 

18,050 

0.390 

70.40 

0 141 

25 45 

36 15 

8.890 

1 32 57 

13.001 

Grain 

10,722 

2.354 

252.40 

0.424 

45 46 

18.01 


58.17 


Ration 

34,216 

1.075 

367.71 

0.228 

78.15 

21 25 
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TABLE 2-Contintud 


* 

s 

p 

N 

H 

h 

FED 

TOTAL N 

TOTAL N 

fc 

s 

H 

S 

fc 

§ 

NON-PROTEIN N 

a 

04 

o 

so 

< 

fc 85 

p s 

H 

9S 

o * 

55 

tf R W 

£?g 

J i D 
goo 

§55« 

H 

i * 

< <n 
« ™ 
fa. cs 
o m 

H. 8 

* a 
5®p 
s« « 

04 P H 

0 h. h 

{as 

o * « 

55 

5 

fc 

5 

is 

gs 

5c 



(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(8) 


Trial 3 (timothy) 



grams 

per cent 

grams 

per cent 

grams 

per cent 

per cent 

per cent 

grams 

Hay 

5,460 

0 723 

39.48 

0 143 

7 81 

19 78 


16.01 


Silage 

18,144 

0 292 

52 98 

0 144 

26 13 

49 31 

12 929 

53 58 

16.52 

Grain 

8,034 

1 903 

170 01 

0 166 

14 83 

8 72 


30 41 


Ration 

32,538 

0 807 

262 47 

0 150 

48 77 

18 58 




Hay 

5,460 

0 723 

39 48 

0 143 

7 81 

19 78 


15 52 


Silage 

18,144 

0 292 

52 98 

0 144 

26 13 

49 31 

14.413 

51 94 

8 96 

Grain 

7,146 

2 001 

142 99 

0 229 

16 36 

11 44 


32 53 


Ration 

,30,7,50 

0 766 

235 45 

0 164 

50 30 

21 36 

; 



Hay 

4,,527 

0 723 

32 73 

0 143 

6.47 

19 78 


15 33 


Silage 

17,085 

0 292 

49 89 

0 144 

24 60 

49 31 

13 872 

58 25 

4.69 

Grain 

7,244 

1 952 

141 40 

0.154 

11 16 

7 89 


26 42 


Ration 

28,856 

0 776 

2*24 02 

0 146 

42.23 

18 85 





Trial 4 (clover) 


Hay 

5,460 

1 995 

108.93 

0 207 

11 30 

10 38 


32.21 


Silage 

18,144 

0.237 

43 00 

0 084 

15 24 

35 44 

9.868 

43 44 

12.92 

Grain 

8,544 

1 370 

117 05 

0 100 

8 54 

7 30 


24.35 


Ration 

32,148 

0 837 

268 98 

0 109 

35 08 

13 05 




Hay 

4,540 

1 995 

90 57 

0.207 

9 40 

io as 


20 75 


Silage 

18,144 

0.237 

43 00 

0 084 

15 24 

35.44 

10.188 

33.65 

14.00 

Grain 

7,224 

1.499 

108 29 

0 286 

20 66 

19.08 


45.61 


Ration 

29,908 

0.809 

241 86 

0 151 

45 30 

18 73 




Hay 

4,540 

1 995 

90.57 

0 207 

9.40 

10.38 


26.32 


Silage 

16,689 

0 237 

39.55 

0 084 

14 02 

35 44 

10.604 

39.25 

14.70 

Grain 

6,438 

! 1.409 

90.71 

0 191 

12 30 

13 56 


34.43 


Ration 

27,667 

0.798 

220.83 

0.129 

35 72 

16.17 
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hay and 14.22 per cent of that of clover hay in non-protein form. 
Undoubtedly the stage of maturity is an important factor influ¬ 
encing the non-protein nitrogen content of hay. However, the 
small fgure for clover hay in trial 1 seems unexplainable even on 
this basis. 

The non-protein nitrogen content of corn silage, as shown in 
table 2, is exceedingly large. Annett and Russell (23) found 
43.72 per cent of the total nitrogen of corn silage as non-protein 
nitrogen. They also showed that in the silo there was a loss of 
all nitrogenous constituents except non-protein, which gained 83 
per cent. Shaw, Wright and Deysher (24) 4 found 01.99 and 61.41 
per cent of the total nitrogen of corn silage as non-protein nitro¬ 
gen. They also demonstrated strikingly that there was a great 
loss of albuminoid nitrogen in ensiling and a tremendous gain in 
non-protein nitrogen. That the stage of maturity greatly affected 
the non-protein nitrogen content of silage was clearly shown by 
Woodman and Amos (25). 5 Fifty per cent of the true protein 
was hydrolyzed in the case of very immature silage, while only 23 
per cent was hydrolyzed in the case of fairly mature silage. These 
workers concluded that “the conditions of immaturity are favor¬ 
able to the extensive splitting up of the protein of the crop into 
amino acids.” The fairly large amount of non-protein nitrogen 
found in the silage used in the trials reported here is thus in 
accordance with previous experimental work. 

While the grain mixtures used for the different cows in the same 
trial varied only slightly as to the per cent of total nitrogen, the 
per cent of total nitrogen as non-protein nitrogen varied con¬ 
siderably, from 0.41 per cent to 15.05 per cent in trial 1, from 9.10 
to 18.01 per cent in trial 2, from 7.89 per cent to 11.44 per cent 
in trial 3, and from 7.30 to 19.08 per cent in trial 4. These varia¬ 
tions could not be correlated with the make-up of the various 
grain mixtures, nor did any reasonable explanation for them pre¬ 
sent itself. Many of the analyses were repeated several times 
without changing the values first obtained. 

The results given in table 2 and the data referred to in the dis- 

4 Albuminoid method. 

4 Foreman alcohol titration method. 
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cussion of these results must also raise questions as to the general 
usefulness of the published data on the non-protein nitrogen 
content of feeds. If the method itself is accurate and thus 
roughages may vary as greatly as the data show, tables giving the 
“true protein” content based on average analyses for non-protein 
must have a large probable error. That large variations may 
exist according to stage of maturity and other factors is reason¬ 
able to expect, as has been discussed. However, the data obtained 
for the grain mixtures raise a question as to the accuracy of the 
method itself—a question which limits the value of the following 
discussion and which should be borne in mind, although the ex¬ 
tent of its effect cannot be evaluated. 

In terms of the rations fed, it was found that the timothy hay 
ration in every case, except for cow 2, trial 2, contained more 
non-protein nitrogen than did the clover hay ration (column 5, 
figures for “ration”). The per cent of total nitrogen as non¬ 
protein nitrogen was greater in every case on the timothy hay 
ration than on the clover hay ration (column 6, figures for 
“ration”). The per cent of total nitrogen of the ration as non¬ 
protein nitrogen contributed by the hay and silage was quite 
uniform in each trial (column 8), and was greater throughout on 
the timothy hay ration. While both types of rations furnished 
approximately the same amount of total protein, the timothy hay 
ration furnished the greater proportion of non-protein. 

In column 9 data are given showing the non-protein nitrogen 
in the feces of each cow. Since these figures are in all cases very 
much smaller than those for non-protein nitrogen in the ration, 
as shown in column 5, it may be concluded that some at least of 
this non-protein nitrogen was digested. Digestion coefficients 
may be computed showing a digestibility of 60 to 80 per cent in 
most cases. Such figures cannot be considered accurate, how¬ 
ever, both because there is no way of knowing to what extent this 
non-protein nitrogen in the feces originated from protein in the 
feed, and because some of the non-protein nitrogen in the feed 
may have been built into protein by bacteria yet not have been 
digested. It seems reasonable, nevertheless, to conclude that a 
large percentage of the non-protein nitrogen in the feed was di- 
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gested, at least as well as the crude protein which was found to be 
from 55 to 65 per cent digestible by Maynard, Miller and Krauss 
(1) - 

Was this digested non-protein nitrogen utilized for the per¬ 
formance of any protein function? This cannot be proved, but 
there is presumptive evidence that it was: 

The results reported by Maynard, Miller and Krauss (1) show 
a positive nitrogen balance in nine out of twelve cases where the 
digestible crude protein was generally insufficient to supply the 
maintenance requirement according to the Morrison standard 
plus the nitrogen in the milk. In view of this efficient utilization 
of digestible crude protein it seems reasonable to assume that the 
15 to 20 per cent of it that was non-protein in nature was used 
to some extent at least. 

Table 2 shows more non-protein nitrogen in the timothy ration 
than in the clover ration, yet according to Maynard, Miller and 
Krauss the nitrogen of the timothy ration was at least as well 
utilized as that of the clover ration. 

Certain additional evidence is to be found in the discussion 
that follows of the partition of the nitrogen in the urine. 

In table 3 data are presented showing the partition of nitrogen 
in the urine. Table 4 contains the same data expressed in per 
cent of the total nitrogen. The outstanding feature of these data 
is the large amount of undetermined nitrogen, showing that a 
relatively large amount of nitrogen is present in some form other 
than ammonia, urea, and hippuric acid. The same situation was 
found to exist in the work of Lindsay (26) in which, when only 
the urea and hippuric acid nitrogen are considered, 25.4 per cent 
of the total nitrogen remains as undertermined. In order to de¬ 
termine, if possible, the principal constituent contributing to 
the large amount of undetermined nitrogen, a sample of urine from 
a cow in another trial not reported in this paper, was analyzed 
for creatinine and creatine. Only a trace of creatinine was 
found, but 25 per cent of the total nitrogen was present as creatine 
nitrogen. Based upon Lindsay’s work, in which 5.0 per cent of 
the total nitrogen in the urine was reported as creatinine, we 
would expect some creatinine to be present also. The reason 
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TABLE 3 


Partition of nitrogen in the urine 


TRIAL 

cow 

VOLUME 

EXCRETED 

N PER 

100 cc. 

TOTAL N 

AMMONIA 

N 

UREA N 

HIPPCRIC 
ACID N 

UNDETER¬ 
MINED N 



CC. 

grams 

grams 

grams 

(prams 

grams 

grams 

f 

1 

7,518 

1 0 8301 

62 41 

* 

31 43 

11.85 

19.13 

1 

2 

10,460 

0 6732 

70 42 

* 

31 07 

11 61 

27 74 

l 

3 

7,523 

1.1880 

89.37 

* 

44 69 

12 71 

31 97 

f 

1 

5,540 

1.2524 

69 38 

* 

27 87 

14.39 

27.12 

2 | 

2 

7,216 

1 0406 

75 09 

* 

38 10 

12 15 

24.84 

1 

3 

6,359 

1 5226 

96.82 

* 

48.46 

14.37 

33.99 


4 

5,508 

1.0894 

60.00 

4 82 

22 91 

11 93 

20 34 

3 

5 

5,079 

1.0053 

51 06 

3 84 

15 09 

14 06 

18.07 


6 

5,860 

0 9877 

57.88 

2 99 

25 14 

12 59 

17.16 


4 

8,000 

0 6575 

52 60 

9 20 

8 08 

11 18 

24.14 

4 ■ 

5 

8,214 

0 6138 

50 42 

2 S3 

20.62 

10.90 

16.07 


6 

8,674 

0 6474 

56 16 

2 43 

21.95 

10 45 

21.33 


•Not determined. 


TABLE 4 


Percentage partition of nitrogen in the urine 


TRIAL 

COW 

TOTAL N 

AMMONIA N 

TTREA N 

HIPPITRIC 
ACID N 

UNDETER¬ 
MINED N 



grams 

per cent 

jKr cent 

per cent 

/vr cent 

f 

1 

62.41 

* 

50 35 

IS 99 

30 66 

1 

2 

70 42 

* 

44 12 

16 49 

39 39 

l 

3 

89 37 

* 

50 00 

14 23 

35 77 

( 

1 

69 38 

* 

40 16 

20 74 

39 09 

2 

2 

75 09 

* 

50 74 

16 17 

33 09 

l 

3 

96.82 

* 

.50.05 

14 84 

35.11 

[ 

4 

-60.00 

8 03 

38 19 

19 88 

33.90 

3 

5 

51.06 

7.51 

29 54 

27.54 

35 41 

1 

6 

! 57.88 

i 

5 16 

43 43 

21.76 

.29.65 

( 

4 


17 49 

15 36 

21.26 

45.89 

4 

5 


5 62 

40 89 

21 63 

31.86 

1 

6 


4 33 

39 OS 

18 Cl 

37 98 


* Not determined, 
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practically none was found may be that since creatinine is grad¬ 
ually changed to creatine when in contact with alkalies, and since 
cow urine is alkaline, the creatinine may have been hydrolyzed 
to creatine. This would also explain the large amount of creatine 
found. Presumably allantoin nitrogen was also present as a part 
of the undetermined nitrogen since Lindsay found 6.3 per cent of 
the total nitrogen in this form. 

The tables indicate that while a greater volume of urine was 
excreted on the clover hay rations than on the timothy hay 
rations, there was no significant difference in the amount of total 
nitrogen and urea nitrogen excreted. Less total and urea nitro¬ 
gen were excreted in trials 3 and 4 because the protein intake was 
less. The small amount of urea found in the urine of cow 4, 
trial 4, was probably due to the fact that this sample was im¬ 
properly preserved, resulting in the breaking down of some of the 
urea into ammonia as indicated by the relatively large amount of 
ammonia found. 

A small amount of ammonia was found. This is contrary to the 
results of Lindsay who found practically no ammonia. However, 
it is in accord with Salkowski (27) who found 0.38 gram of ammo¬ 
nia per liter in fresh cow urine. The differences in the amount 
of ammonia found in trials 3 and 4 are not great enough to be of 
significance. 

It will be seen from table 3 that without exception slightly 
more hippuric acid nitrogen was excreted on the timothy rations 
than on the clover rations. While this suggests that a greater 
amount of benzoic acid and benzoic acid-like substances were 
present in the timothy rations, the difference is not great enough 
to be conclusive, as other factors, particularly bacterial decompo¬ 
sition of proteins, affect the amount of benzoic acid eliminated. 

A study of the urine analyses indicates no difference in the 
protein metabolism on the two types of rations. 

SUMMARY 

Data are presented showing the distribution of non-protein 
nitrogen in dairy rations based upon clover and timothy hay, the 
digestibility of the non-protein nitrogen, and its utilization by 
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cows in milk. The results of a study of the partition of the 
nitrogen in the urine collected while these rations were being fed 
are included. The following conclusions are based on these data: 

1. The non-protein nitrogen in hay and silage varies greatly in 
different samples, presumably due to differences in stage of ma¬ 
turity, method of curing, and other factors. This large variation 
suggests that figures for true protein based on average analyses 
are of limited usefulness. 

2. The albuminoid nitrogen method of the Association of 
Official Agricultural Chemists is of doubtful accuracy for dis¬ 
tinguishing between crude and true protein in feedingstuffs. 

3. Dairy rations made up of hay, silage, and grain, contain a 
relatively large amount of non-protein nitrogen. This nitrogen 
is apparently useful in meeting a part of the protein requirement 
of a cow in milk. 

4. There is no difference in the protein metabolism when 
timothy hay or clover hay is fed, as indicated by urine analysis. 

The writer desires to express his appreciation for the generous 
assistance and valuable suggestions given by Dr. L. A. Maynard, 
both in conducting the experimental work and in preparing this 
paper. He also wishes to express his appreciation to Dr. J. B. 
Sumner for his valuable suggestions as to methods for urine 
analyses and for the use of his laboratory, and to Dr. R. C. Miller 
for his generous assistance in conducting the experiment. 
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THE CREAM PLUG* 

ITS CAVSES'AND PREVENTION 

H. H. SOMMER and K. M. ROYER 
Department of Dairy Husbandry, University of Wisconsin , Madison , Wisconsin 

One of the problems met in the selling of bottled cream is the 
formation of the cream plug. This cap or plug which frequently 
gathers on the cream varies in tenacity from the consistency of 
heavy cream to a leathery condition of such firmness that it 
prevents the spilling of the cream when the bottle is inverted. 
The undesirability of such cream plugs is self-evident. A waste 
of butter fat occurs when they are discarded as they usually are; 
but from the milk dealers’ standpoint the chief objection is the 
unfavorable impression such bottled cream makes on the con¬ 
suming public. 

Two attempts to gather information on this problem have been 
made in the form of questionnaires sent to milk dealers. These 
surveys of opinions served to emphasize the importance of the 
problem, but contributed little to its solution, for they failed 
to reveal the fundamental factors involved in it. In the experi¬ 
mental work here reported, the main aim was to determine these 
fundamental factors. 

THE COMPOSITION AND MICROSCOPIC APPEARANCE OF CREAM PLUGS 

In order to determine the exact nature of the cream plug, 
analyses and microscopic examinations were made. The plugs 
from two sources were analyzed; some were taken from returned 
University cream and others from the cream of a local company. 
These plugs were analyzed for fat by ether extraction and 
tested for total solids, by drying to constant weight at 100°C. 

* The experimental work was (lone by Mr. K. M. Royer under the fellowship 
established by the International Association of Milk Dealers. Published with the 
permission of the Director of the Wisconsin Agricultural Experiment Htation. 
Received for publication May 1, 1927. 
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Ihe analyses of the cream plugs show that they consist prin¬ 
cipally of fat. From our knowledge of the normal rising of fat 
in milk, we would hardly expect such a rich accumulation of 


TABLE 1 

The composition of cream plugs 


HAMPER M'MAKK 

PER CENT 

PER CENT 

PER CENT 


FAT 

ftOLJliH-NOT-l- AT 

WATER 

1 

77 60 



2 

3 

79 SO 

62 05 

4 49 

33 46 

4 

65 07 

2 10 

32 83 

5 

55 40 

5 30 

39 30 

6 

58 10 

4 10 

37 80 

I 

61 40 

4 00 

34 60 

Average . . . 

65 57 



Average exclud¬ 
ing 1 and 2 

60 40 

4 00 

35 60 




Fig. 1. Low Poweh Photomicrograph Fig. 2. Low Poweii Photomicrograph 

of Cream Plug, 70 Per Cent Fat of Cream, 70 Per Cent Fat 

fat if the fat were still in normal emulsion. Microscopic exami¬ 
nation of the cream plugs readily revealed that the fat was no 
longer in normal emulsion but had coalesced into irregular 
masses of fat. (Compare figures 1 and 2.) 
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THE FUNDAMENTAL CAUSE OF CREAM PLUG FORMATION 

From the general knowledge that emulsions are less stable 
as the size of the globules increases and that the large globules 
rise more rapidly than small globules, the logical deduction is 
that the formation of cream plugs is dependent upon the size of 
the fat globules. The large fat globules rise more rapidly and 
are more likely to coalesce than the small fat globules. A more 
exact understanding of the relative velocities with which globules 
of different sizes rise, can be obtained by an application of 
Stokes equation. Ruling out those factors in this equation which 
are constant or over which we have no control, we find that the 
velocity with which the globules rise is directly proportional to 
the square of their radius, and inversely proportional to the 
viscosity of the liquid through which they are rising. Thus the 
size of the fat globules and the viscosity of the serum of the cream 
may be expected to be factors in cream plug formation. 

Observations made in the course of the experimental work are 
in harmony with these deductions. 

FACTORS THAT AFFECT THE SIZE OF FAT GLOBULES 

f'ince the size of the fat globules determines whether the cream 
will develop cream plugs, it becomes of importance to consider 
the factors that affect the size of the fat globules. The effect of 
breed and stage of lactation on the size of the fat globules in the 
milk are well known. Similarly, the possibility of partial churn¬ 
ing of milk while being transported especially in partly filled cans 
and the tendency of freezing to collect the fat, need only be 
mentioned here. No further experimental proof is required on 
these factors. 

The experimental work conducted concerned itself mainly with 
demonstrating the effect of various types of agitation to which 
the milk and cream may be subjected in the milk plant. 

METHOD OF MEASURING THE SIZE OF CREAM PLUGS 

To measure the tendency of the various experimental cream 
samples to form plugs, the weight of the plug was obtained. 
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This was considered satisfactory since the toughness of the plug 
was in general proportional to the weight. 

A number of special cups were made of perforated sheet metal 
as shown in figure 3. One of these cups was placed into each 
bottle of cream immediately after bottling. After the bottled 
cream had been stored as desired the plug was then removed by 
slowly raising this cup out of the bottle by means of the handle 
which projected slightly above the surface of the cream. The 
cup was allowed to drain a standard length of time, and the 
weight of the material retained in it was then determined. 



Fig. 3. Cup Used i\ Removing Cream Plugs 


THE EFFECT OF AGITATION 

In order to demonstrate the effect of agitation on cream plug 
formation, 2f> per cent cream was agitated at 45°F. by pouring 
from one pail into another 25 times. Samples of this agitated 
cream and from another portion of the same cream that had not 
been so agitated were set aside as described above, and after 
forty-eight hours the weights of the cream plugs were determined 
(table 2). Samples of the fresh agitated and unagitated cream 
were also taken for microscopic examination. Photomicro¬ 
graphs were taken of these samples in a 1:50 dilution in neutral 
3 per cent gelatin (fig. 4). 
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The results obtained demonstrate that the agitation caused 
the fat to collect into larger globules and increased cream plug 
formation. 


TABLE 2 

The effect of agitation on cream plug formation 


WEIGHTS OF CHE AM PLUGS I ltOM' 


Agitated cream 


U nagitated cream 


grams 

5.5 

7 1 
6 9 
0 0 
6 0 


grams 

5 5 

3 i) 

4 3 
4 S 
3 2 


Average ..6 42 


3 94 


TABLE 3 

The, effect of bottling foamy cream on cream plug formation 
Cream agitated, poured 25 times 


WEIGHTS OF GURAM PLUGS FltOM,* 


Fonmv crouin 

Air removed by vacuum 

grams t 

(fra ms 

14 3 

6 G 

13 <S 

6 5 

13 4 

7 2 

13 0 

7.1 

15 7 

4 9 

11 S 

5 5 

11 6 

7 G 

14 5 

8 1 

12 5 

7 5 

117 . 

7 4 

Average.13 2 

6 8 


In another similar experiment the agitated samples (37 samples) 
averaged 2.26 grams heavier cream plugs than the unagitated 
samples (39 samples). 

In these two experiments where cream was agitated cold by 
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pouring it was necessary to eliminate any air that was incor¬ 
porated, by subjecting the cream to a vacuum for five minutes, 
as preliminary trials had shown that if any foam was not elim¬ 
inated a foamy accumulation would interfere with the measure¬ 
ment of the true cream plug. 

Since under commercial conditions a similar condition might at 
some time be encountered, the results obtained when the foam 
was not eliminated, are given in table 3. The cream used was 
unpasteurized 23 per cent cream, agitated by pouring from one 



a b 

Flo. 4. (I, I’llOTOMK KOUKM'il OF NORMAL CliEA.M , b, l’lIOTOMIOHOOH U'H OF 

Aoit\tkd Cream 


pail to another 25 times. The foamy plugs were not so close in 
texture and not so firm as the usual plugs, but nevertheless 
they were objectionable. 

THE EFFECT OF AGITATION AT DIFFERENT TEMPERATURES 

In order to determine at what temperatures the effect of 
agitation is most pronounced, a series of experiments was con¬ 
ducted similar to the above, using cream heated to temperatures 
of 50°, 100°, 120° and 140°F. Air was eliminated as in the other 
experiments. The results given in table 4 show that agitation 
at the lower temperatures is most harmful. 

That agitation at pasteurizing temperature has little harmful 
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effect is further demonstrated by the results given in table 5 
where the weight of the plugs is given for samples of cream taken 
from a coil vat pasteurizer at three different intervals,—imme- 


TA1S1.1, 4 

The effect of agitation at different temperatures on cream plug formation 


EXPERIMENT 

NUMBER 


n 


Average 


WEIGHTS OF CREAM PLUG’S FROM CREAM 


Agitated 
at 140°F. 

Agitated 
at 120°F. 

A gitated 
at 1(J0°F. 

Agitated 
at 50°F 

Not agitated 

3.8 

3 1 

4 1 

5 6 

3 0 

3 1 

3 4 

4 7 

5 0 

3 2 

2 6 

2 9 

3 4 

0> 5 

2 4 

2 8 

4 5 

3 4 

4 G 

2 9 

3 9 

3 1 

4 6 

5 9 

3 3 

3 3 

4 5 

3 4 

5 2 | 

3 5 

3 9 

1 4 0 

4 0 

5 2 | 

1 9 

3 6 

3 6 

4 3 



77 1 

3 7 

4 0 

~~ - ~ " i 

O ,> , 

2 9 


TABLE 5 

The effect of agitation at pasteurizing temperature on plug formation 


Stored three days at cooler temperature 


WEIGHTS OF CIIEVM PLUGS. 

Cream heated to 145°F. 

After 20 minuter agitation 
at 145°F. 

After 30 minutes agitation 
at 145°F. 

2 6 

3 3 

3 1 

2 9 

5 0 

4 0 

3 0 

5 0 

4.9 

3 5 

4.6 

4 3 

3 0 

0 

4 0 

3 8 

forage.3 0 

4 4 

4 0 


diately after the cream had been heated to 145°F., after having 
been held at 145°F. for twenty minutes, and after thirty minutes. 

The effect of agitation at lower temperatures is further demon¬ 
strated in an experiment in which a lot of cream was divided into 
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two lots; ob© lot was pasteurised and cooled in a coil vat pasteur¬ 
izer; the other lot was heated to 145°F. by meana of a Hash 
pasteurizer, held at 146°F. for thirty minutes and then cooled 
over an aerator. The former of these two lots of cream was thus 
subjected to considerable agitation in the heating and cooling, 
while in the latter lot this agitation was reduced to a minimum. 
The results given in table 6 show that reducing the agitation to a 

TABLES 

The effect of reducing agitation to a minimum while heating and cooling 


WBiam or cbbam plugs r&oic cbbam 


Pasteurised and cooled in coil vat 

Flashed to 145*F, held 30 minutes, cooled 
over aerator 

90 

30 

$ 1 

2 8 

9 6 

4 5 

6 7 

35 

70 

4 1 

9 3 

4 2 

8 6 

3 8 

9 3 

4 5 

8 6 

4 3 

83 

4 1 

8 S 

40 

9 7 

5 1 

9 8 

3 6 

8 7 

50 

9 6 

44 

Average.8 78 

406 


minimum while heating and cooling the cream materially reduces 
cream plug formation as compared with heating and cooling as 
in a coil vat pasteurizer. 

A consideration of the results given in tables 4, 5, and 6 leads 
to the conclusion that agitation of cream at any temperature tends 
to increase cream plug formation, and that agitation of cream at 
lower temper atures favorable to churning is decidedly more harm¬ 
ful than agitation at pasteurizing temperatures. 










424 


H. H. SOMMER AND X. M. ROTER 


THE EFFECT OF AN UNBALANCED SEPARATOR BOWL IN SEPARATING 

THE CREAM 

The separator bowl being out of balance is frequently men¬ 
tioned as a cause of cream plug formation. In order to deter¬ 
mine whether the vibration and possible agitation to which cream 
would be subjected in an unbalanced separator bowl would have 
any effect on cream plug formation, an experiment was conducted 
in which a lot of milk was divided into two lots,—one lot was 


TABLE 7 

The effect of an unbalanced separator bowl on cream plug formation 



WEIGHT OF PLUG 

■XFXXZMCNT NUXBEB 

Unbalanced bowl 

Balanced bowl 


Skim milk test 0.13 per cent 

Skim milk test 0.076 per cent 



3 0 

2.6 



2.0 

2.1 



2.4 

1.2 

I ' 


2.0 

2.0 



1.7 

1 7 



1.7 

2.2 


Skim milk test 0.113 per cent 

Skim milk test 0.042 per cent 



4.0 

3.0 



2.6 

3.4 



3.5 

4.0 

II 


3.5 

3.2 



3.7 

3.7 



4.6 

4.6 

Average.... 

2.9 

GO 

0* 


separated by means _ of a cream separator with the bowl running 
true, and the other lot was separated by the same separator after 
the bowl had been unbalanced by placing a small sheet of lead 
between two of the plates in the separator bowl. The two lots 
of cream were separately standardized, pasteurized and bottled. 
The results of two such experiments are given in table 7. The 
fat test of the skim milk in each case is given as an indication 
of the fact that the bowl was unbalanced. The results demon- 
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strate that the presence of a cream plug on bottled cream cannot 
be attributed to an unbalanced separator bowl. 

THE EFFECT OF STORAGE TEMPERATURE O.V CREAM PLUG 

FORMATION' 

In considering the fundamental causes of cream plug formation 
it was pointed out that two important factors that determine the 

TABLEH 

Temperature of storage and cream plug formation 
Held four days, 20 per coni cream 

tUK.HTOl PI f 


Ifoom temperut ure 70T 

Cooler temperat 

dram* 


15 10 

6 10 

11 00 

7 37 

17 !).-> 

5 37 

17 6« 

6 17 

ir> 85 

4 62 

11 17 

7 53 

IS 07 

6 36 

S 75 

5 30 

IS 67 

5 20 

17.10 

4 68 

15 40 

5 43 

17 92 

3 35 

17 87 

5 75 

19 57 

5 27 

15 75 

6 81 

20 91 

9 48 

r<>.15 94 

5 92 


rise of fat globules are the size of the globules and the viscosity 
of the serum. In the foregoing the effect of the size of the fat 
globules has indirectly been considered as affected by agitation 
of the cream. 

The viscosity of the serum as a factor in this problem is con¬ 
trollable only in so far as temperature affects the viscosity. It is 
commonly known that the viscosity of fluids increases as the 
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temperature is lowered. It is to he expected therefore that 
storing the cream at low temperatures would reduce the rise of 
the globules and reduce cream plug formation. 

In an experiment to demonstrate the effect of storage tempera¬ 
tures, pasteurized 20 per cent cream was bot tled and bot tles stored 
at 42° and 70°F. for four days. The weights of the plugs formed 
were then determined. While there had been a noticeable in¬ 
crease in the acidity of the cream at 70°F. the cream had not 
thickened, so that the results given in table 8 represent the weight 
of the actual plugs (see fig. 5). At 70°F. plugs were formed that 
were very tough and leathery and were approximately three 



a * h 

Fig. 5. a , Shows Average Cream Plug Formed at Cooler Temperature; 
b , Shows Average Cream Plug Formed at Room Temperature 

times as heavy as those formed at 42°F. That this difference in 
the weight of plugs at the two temperatures is to be attributed to 
the physical effect of the temperature difference and not to the 
bacterial growth and acidity differences was demonstrated in 
experiments in which it was found that there was no difference 
in cream plug formation at room temperature between samples 
of different acidities and between preserved and unpreserved 
samples. 


EVAPORATION AND CREAM PEUO FORMATION 

It has been suggested that cream plug formation may be due 
to evaporation from the surface of the cream. The analyses of 
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the cream plugs lend some strength to this suggestion, although 
the results given in table 1 are not extensive enough to warrant 
drawing any positive conclusion on this point. Furthermore, 
even if these results were accepted as conclusive, the high solids- 
notrfat content might be due largely to adsorption. 

In order to determine to what extent evaporation mi ght be a 
factor in cream plug formation a comparison was made in which 
thirty bottles of cream from the same lot were divided into three 


TABLE 9 

The effect of evaporation from capped bottles on cream plug formation 



WEIGHT OF PLUGS 


Paraffined cap 

Usual cap 

Porous paper cap 


grams 

grams 

grams 

Room temperature storage; 

15.5 

14.5 

' 16.2 

time, two days 

13.1 

14.8 

15.8 


15.4 

14.0 

15.7 


13,0 

15.6 

15.5 


12.8 

13.3 

16.2 

Average. 

13.96 

14.44 

15.88 

Cooler temperature storage; 

6,6 

6.4 

5.6 

time, two days 

6.6 

5.7 

7.0 


5.5 

6.7 

6.8 


6.1 

4.4 

6.5 


5.4 

3.9 

7.0 

Average. 

6.04 

5.42 

6.58 

Grand average. 

10 00 

9.93 

11.23 


lots and capped as follows: Lot 1 was capped with the usual cap 
and further sealed by carefully paraffining over the cap; lot 2 
was capped with the usual cap only; and lot 3 was covered with 
two thicknesses of porous paper toweling held in place with rubber 
bands. Each of these three lots was subdivided into two lots of 
five bottles each and stored at room temperature and at the cooler 
temperature (40° to 45°F.). After two days the cream plugs 
ware determined in the usual manner. The results given in 
table 9 show that evaporation was only a slight factor. In- 
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cidentally these results again emphasize the importance of storage 
temperature in preventing cream plug formation. 

REMEDIES FOR CREAM PLUG FORMATION 

The above results and discussion indicate that the prevention 
of cream plug formation resolves itself into handling the milk and 
cream in such a manner as to prevent the fat from coalescing 
into large globules and clusters of fat. In practical operations 
this means reducing agitation of the milk and cream to a mini¬ 
mum, especially at temperatures that are favorable to churning. 
While it is impossible to enumerate all objectionable practices 
a few of the more common ones are as follows: 

1. Transporting milk in partly filled cans. The extent of 
churning taking place will depend upon the amount of shaking to 
which the cans are subjected in transit and the temperature of the 
milk. Milk improperly cooled, at temperatures of 60°, 70° and 
even 80°F. will chum more than milk properly cooled at 50°F., 
or lower. 

2. Freezing of the milk. This is known to cause the partial 
coalescence of the fat. 

3. Delayed heating of the cream in a coil vat pasteurizer. 
In some instances the cream may be run into a coil vat, agitated 
with the coil and not promptly heated to pasteurizing tempera¬ 
ture. This is injurious since any delay means that the cream 
will be subjected to more agitation than necessary and this is at 
a low temperature, which is most harmful. 

4. Running the coil too rapidly. 

5. Having the coil vat pasteurizer only partly full. The 
agitation in such cases is more severe than in a full pasteurizer. 

6. Cooling the cream in the vat pasteurizer with the coil. 
In all cases coding by running the cream over an aerator or 
through an internal tubular cooler is preferable because of the 
decidedly smaller amount of agitation involved. 

7. Repasteurizing of the cream. 

In addition to the practices mentioned above and whichconeem 
themselves with the coalescing of the fat into larger maasesjthe 
storage temperature of the bottled cream must be ia^irio^Sd l# 
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important. The higher the storage temperature, the less viscous 
the serum of the cream will be, and the more rapid and the more 
pronounced the cream plug will be. 

If the milk and cream is obtained from such sources that the 
milk dealer has little or no control over the past history of these 
products, or where the exercising of the proper control from the 
standpoint of cream plug formation is difficult or impossible, 
remedies other than preventative must be employed. In such 
cases cream plugs can still be eliminated by applying the knowl¬ 
edge that the fundamental factor is the presence of large fat 
globules, by reducing the size of the fat globules by means of the 
centrifugal emulsifier or by means of the homogenizer. 

By experiment it was found that the emulsifier and the homo¬ 
genizer would eliminate the undesirable cream plugs. In using 
the homogenizer it is to be remembered that the higher pressures 
will reduce the whipping quality of the cream and increase the 
tendency of the cream to “feather” when added to coffee or 
other hot liquid. Pressures should be used that are just sufficient 
to accomplish the desired result. 

The exact pressure necessary depends upon the condition 
of the cream, the make and mechanical efficiency of the homo¬ 
genizer. Pressures ranging from 200 to 1000 pounds per square 
inch are being used for this purpose. 

SUMMARY 

The cream plugs contain a high percentage of fat and micro¬ 
scopic examination shows that the fat has coalesced into irregular 
masses. The fundamental cause of cream plug formation is the 
presence in the cream of large fat globules which will rise rapidly 
into a dense layer and coalesce. This rising and coalescing of 
these fat globules is most rapid at higher storage temperatures 
because of the fact that the serum through which the globules 
must rise is less viscous. 

The prevention of cream plug formation, therefore, resolves 
itself into handling the milk and cream in such a manner that 
partial churning is avoided, or if this is impossible, reducing the 
size of the fat globules by either emulsifying or homogenizing at 
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low pressures. Storing the cream at proper storage temperatures 
is helpful in preventing the formation of the cream plugs, but 
this is beyond the control of the milk dealer after it leaves his 
plant and, therefore, should not be relied upon to any great 
extent. 



MAINTENANCE REQUIREMENTS FOR CALVES 
TESTED BY LIVE WEIGHT METHODS* 

C. H. ECKLES, T. W. GULLICKSON and W. M. NEAL 

Division of Dairy Husbandry, University of Minnesota, St. Paul, Minnesota 

In connection with our studies of growing cattle the question 
of the requirements of the animal for maintenance has often 
arisen. Armsby (1) is the only authority who has published 
tables of estimated maintenance requirements including ranges 
of weights normal to calves under one year of age. The figures 
for the smaller weights were calculated by using his extensive 
results from mature animals. The question of the accuracy of 
these figures first arose as the result of an experiment in which 
a heifer made a gain of approximately a pound per day for 
six months while receiving a ration, the net energy value of which, 
when calculated by the Armsby method, was approximately the 
amount set forth as the maintenance requirement in his tables. 

The limited value of data professing to deal with maintenance 
requirements taken by the live weight method is fully recognized 
especially when the subjects are immature animals. However, 
it is believed the data to be presented have some value as an 
indication of the extent to which maintenance figures calculated 
from mature animals are applicable to young animals. 

PROCEDURE 

Three procedures might be used in a study of this problem. 
The first is to feed an animal a given percentage of the energy 
estimated as the maintenance requirement, using Armsby’s 
maintenance figures and method of calculating energy values. 

The second is to vary the feed from day to day as appears 
necessary to maintain a uniform weight for a period of time with 
a determination later of the energy used during the trial. 

* Published with the approval of the Director as Paper No, 705, Journal Series, 
Minnesota Experiment Station. Received for publication May 20,1927. 
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The third is to feed a constant ration which has been computed 
from a preliminary period to supply sufficient energy for main¬ 
tenance. If the estimate is too low the animal will lose weight 
until the ration is sufficient for maintenance. If too high, the 
animal will gain in weight until an equilibrium is reached. Ex¬ 
perience indicated the third plan to be most satisfactory and 
it was used exclusively during the latter part of the study. 

The first plan required that the ration be adjusted at frequent 
intervals to allow for any change in the weight of the animal. 
Variations from day to day in weight due presumably to fill often 
result when this plan is followed in changes bring made in the 
ration that later are found to have been a mistake. The same 
difficulty of knowing the true weight of the animal interferes 
with the details of operating the second plan. The third plan 
of feeding a constant ration throughout the maintenance period 
eliminates some of these difficulties and if the ration chosen is 
close to the true maintenance requirement the animal will soon 
adjust itself to it by a gain or loss in weight and thereafter remain 
quite constant. 

It is recognized that with mature animals the length of the 
trial is an important factor regarding the dependability of the 
results. With growing animals it is not advisable to undertake 
to keep the animal at a constant weight for any length of time. 
Waters (2) found that profound physiological changes occur in 
young animals that are fed a limited ration. With animals of 
this age the live weight may readily remain the same while the 
animal is not in energy equilibrium. Experience indicated 
that about forty days was the most satisfactory period for use 
with the young calf while for older animals longer periods are 
feasible. 


ANIMALS AND RATIONS USED 

fifteen animals were used, all of the Holstein breed, of which 
five were males and ten females. The males were used in the 
lighter weights only and on the plan where a constant ration 
was used. Alfalfa hay and wheat straw were used for roughagB. 
In order to keep a growing animal quiet on a limited xa&dn* 
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experience indicated it was necessary to feed a bulky ration 
which will insure a normal amount of material in the aliment ary 
tract. To secure the desired bulk with alfalfa alone would in 
some cases provide more energy than was desired. By using 
wheat straw as a low net energy filler it was possible to nmb 
such adjustments as necessary in energy intake and still keep 
the animals reasonably contented. The grain ration used was 
uniformly a mixture of ground com 4 parts, wheat bran 1 
part, linseed oilmeal 1 part. 

In making the advance calculations of the ration to be fed 
average values were used in most cases as the chemical analyses 
were generally not available until later. All feeds used except 
the skimmilk were analyzed by the Division of Agricultural 
Biochemistry. From these data the net energy values were 
calculated according to Armsby’s method. The digestion 
coefficients as given by Morrison (3) were applied to 'the chemi¬ 
cal analyses. Factors given by Armsby (1, p. 650) were used 
for the calculation of the therms metabolizable energy. The 
factors for the increment of heat production were those recom¬ 
mended by the same author (1, p. 652). A protein supply was 
provided at all times considerably above the amount usually 
specified as the minimum required for maintenance. 

The animals were kept in individual stalls bedded with shav¬ 
ings and allowed the freedom of a dry lot a part of the day, 
when the weather was not too severe. Water was offered 
once daily in the bam and was available in the exercise lot. 
Salt and bone meal were available in each stall. Each animal 
was weighed daily before the morning feed. 

EXPERIMENTAL 

Experiment 1. Three animals approximately six months old 
at the beginning were used in this trial. An attempt was made 
by frequent adjustments to provide 100 per cent of the Armsby 
maintenance requirement. However, as the calculations for 
adjusting the ration were made by using average analyses of 
the feeds included and the analyses later available showed 
somewhat more than average value the ration actually received 
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was a trifle higher than intended. The results are shown in 
figure 1. The animal E-12 received 101.6 per cent for the 130 
days, E-14, 101.4 per cent and E-17, 101.9 per cent of Armsby’s 
standard for the 115 days on experiment. Two of the animals 
gained about half a pound daily and the third somewhat more. 



Fia. 1 . Results from Supplying Calves with 100 Per Cent Net Energy 
Needed for Maintenance According to Armsby’s Tables 

The three heifers receiving a net energy intake, as prescribed by Arinsby, 
gained over half a pound daily for the period of the trial, 110 to 120 days. 


These results confirmed our previous experience and indicated 
the energy for maintenance of small animals as specified by 
Annsby’s tables is unnecessarily high when calculated by the 
present net energy values. 











MAINTENANCE REQUIREMENTS FOR CALVES 


435 


Experiment 0. Four animals were used ranging in age from 
100 to 271 days at the beginning of the experiment. An attempt 
was made to keep the weights of the animals constant by ad¬ 
justing the rations at frequent intervals although the results were 
only partially successful. The fact that in every case, although 
the ration given was below 100 per cent of Armsby’s standard, 
all the animals maintained their weight or made gains indicated 
the Armsby standard calls for more energy than these animals 
required. 

Experiment S. In this experiment the third plan of procedure 
already described was followed—that of estimating on the basis 
of a preliminary period what feed intake would be necessary for 
maintenance then continuing to feed this ration without change 
throughout the period. If the ration as estimated proved to be 
more liberal than maintenance a gain would presumably be 
made until equilibrium was established. If too small the same 
adjustment would occur at a point somewhat below the original 
weight. 

Data were taken from 21 periods using 11 different animals. 
In those cases where the animal was used twice the first period 
was followed by one of liberal feeding and the second trial was 
not undertaken until the animal was again approximately normal 
in weight for its age. In all cases a preliminary period was used 
for adjusting the ration to a point which appeared to result in a 
stabilization of weight. However in some cases the amount of 
feed necessary to maintain the animal was misjudged during 
the preliminary period and as the plan followed was to make no 
changes in ration during the trial period gains or losses in certain 
cases were too much to justify the use of the data obtained. In 
table 1 is presented a summary of the results from 18 periods 
taken with 11 individuals in trials where the weight remained 
essentially the same. The first 16 represent animals in normal 
condition of flesh and the last two animals in very high condi¬ 
tion. These data show that all calves in condition described as 
normal were maintained on a ration averaging 90 per cent of 
the Armsby specification. In only one of the 16 trials was 
100 per cent of Armsby’s maintenance figures reached and this 
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is apparently accounted for by a condition of the animal above 
normal. 

Condition as a factor. The last two figures in the table give 
the results of a maintenance period of two calves in high flesh 

TABLE 1 


Summary of all trials resulting in weight maintenance 


NUMBER OF 
ANIMAL 

LIVE WEIGHT 

LENGTH 
OF TRIAL 

NET 

ENERGY 
RECEIVED 
PER DAY 

NET 

ENBRQY 
PER 1000 
POUNDS 

PLANE 
OF NUTRI¬ 
TION 

CONDITION OF 
ANIMAL 

Initial 

Gain fer 
period 


pounds 

jfounds 

days 

therms 

therms 

per cent 


E-79 

87 

0 

20 

1.16 

5.91 

98 5 

Normal 

E-87 

117 

—3 

25 

1 33 

5 56 

92.7 

Normal 

E-79 

135 

0 

25 

1 41 

5 36 

89 3 

Normal 

391 

233 

-1 

40 

1 75 

4 62 

77 0 

Normal 

390 

249 

— 2 

45 

1 94 

4 90 

81 7 

Normal 

391 

275 

4 

35 

2 29 

5 41 

90 2 

Normal 

390 

308 

1 

15 

2 48 

5 44 

90 7 

Normal 

E-15 

323 

2 

35 

2.55 

5 42 

90 3 

Normal 

E-16 

394 

0 

40 

2 94 

5 47 

91 2 

Normal 

E-65 

416 

-1 

35 

! 3 11 

5 58 

93 0 

Slightly high 

E-55 

455 

0 

40 

3 20 

5 41 

90 2 

Normal 

E-54 

468 

2 

40 

3 21 

5 32 

88 7 

Normal 

E-65 

537 

0 

25 

3.15 

4.77 

79 5 

Thin 

E-53 

663 

1 

'25 

4.26 

5 60 

93 3 

Slightly high 

E-46 

798 

1 

40 

5 18 

6 02 

100 3 

Above normal 

E-53 

861 

2 

35 

5 48 

6 06 

101 0 

Above normal 

Average. 

375 

32 5 


5 43 

90.5 


E-55 

257 

1 

25 

2 84 

7 03 

117 1 

Very fat 

E-54 

284 

-2 

40 

2 83 

6 55 

109 1 

Very fat 

Average. 


32.5 


6 79 

113.1 



First group of 16: mean average therms net energy required per 1000 pounds, 
5.43 db 0 066; standard deviation 0.390 =t= 0 046. 

Including all, mean average therms net energy required per 1000 pounds. 5.58 
d= 0.090; standard deviation 0.569 ± 0.064. 


at the time. It will be noted in both cases the requirements 
were decidedly above Armsby’s figures. 

These two animals had been on a high plane of feeding, includ¬ 
ing whole milk, previous to the experimental period and were 
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as a result in a high condition of flesh. This condition is further 
shown by the fact that E-55 was 22.4 per cent and E-54, 33.6 
per cent above normal weight at the beginning of the trial. 

One of these heifers as shown by the figures in table 1 required 
109 and the other 117 per cent of Armsby’s estimated energy 
requirement to maintain weight. The evidence that condition 
is the factor responsible is further strengthened by the results 
of using the same animals later. The figures in the same table 
show that at an age of about nine months the same animals were 
maintained with a ration supplying 89 per cent of Armsby’s 
requirement which is in line with the results from the others. 

GENERAL DISCUSSION 

It is possible the ability of the dairy calf to maintain itself 
on a ration somewhat below Armsby’s calculated amounts is to 
be attributed to the use in his experiments of animals of the beef 
type, normally in higher condition than dairy type animals. 
The evidence presented in this report indicating the importance 
of condition corroborates much of the evidence on the subject 
as summarized by Armsby and Moulton (4). Furthermore the 
results reported in the present paper are in line with the recent 
results of Cochrane, Fries and Braman (5) regarding the energy 
requirement for maintaining three Jersey cows. Two mature 
cows were maintained on approximately 90 per cent of the 
Armsby figure while one especially quiet animal used only about 
70 per cent. 

The revision of the net energy value now under way as an¬ 
nounced by Forbes will affect the calculations of these trials. 
Alfalfa furnished a portion of the nutrients in nearly all the 
rations and assigning a higher value to alfalfa will raise the 
plane of nutrition beyond that calculated in this study. A re¬ 
calculation will be desirable after the revision is completed. 

One factor of economic importance indicated by this study 
is the increased energy required for maintaining growing heifers 
in high condition. On the other hand care should be taken not 
to go to the other extreme lest the animals be underfed to the 
extent of affecting the size adversely. 
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CONCLUSIONS 

The net energy (calculated by the Armsby method from the 
chemical analyses of feed used) necessary to maintain uniform 
weight in dairy bred calves in normal flesh is about 90 per cent 
of that set forth in Armsby’s Tables. 
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A STUDY OF "FLAKY” MILK* 

F. S. JONES and RALPH B. LITTLE 

Department of Animal Pathology, of The Rockefeller Institute for Medical Research, 

Princeton, New Jersey 

It has become the practice in certified dairies to examine the 
milk from each cow before each milking. The usual procedure 
consists in drawing three streams from each teat upon a brass 
screen containing 100 meshes to the inch. If the milk passes 
readily through the screen and no residue remains, the secretion 
is regarded as normal; if however particles or floccules remain on 
the screen, the milk is rejected. Thus gross abnormalities in the 
secretion are readily detected, since the presence of flocculi is 
regarded as one of the principal signs of udder derangement. 
In a considerable number of instances floccules in small numbers 
are observed in the milk but no palpable abnormalities are found 
in the mammary gland. The general appearance of the secre¬ 
tion from such cases is not greatly altered except for the presence 
of relatively few, irregular, elongated, tiny, white particles. The 
floccules may be present for a single milking only or they may 
occur during a few days, disappear, and recur after varying inter¬ 
vals. That the condition is of considerable economic importance 
is borne out by the fact that a large number of cases occurred in a 
large herd during 1926, necessitating a considerable loss of milk 
to the producer. The condition is of considerable interest from 
the standpoint of the public health, since slight abnormalities in 
the character of the milk afford the most practicable and most 
rapid method for the detection of udder disease. Hence a knowl¬ 
edge of the true nature of the particles and their significance is 
essential. With these points in view the milk and the udders of 
a number of cases were examined. 

* Received for publication April 24, 1927. 
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METHODS 

At the start we examined the milk from the involved quarters 
of 20 consecutive cases as they occurred in a large herd. They 
were those reported to the herdsman by the foremilker. The 
samples for examination were obtained by one of us before the 
next regular milking. The udder was cleansed and the milk was 
drawn directly from the udder and immediately brought to the 
laboratory for examination. A mixed sample from the unin¬ 
volved quarters was usually examined. The procedure employed 
was to dilute 1 cc. of the milk with 9 cc. sterile NaCl solution. 
0.5 cc. of the mixture was then plated with 0.5 cc. defibrinated 
horse blood and 10 cc. agar. Ten cubic centimeters of the milk 
was centrifuged rapidly for 10 minutes and blood agar slants in 
series inoculated wih a large loop of the sediment. Films were 
also prepared from the sediment. The plates were examined 
after twenty-four and forty-eight hours incubation. The fresh 
milk was always poured through a soil sieve of 100 meshes to the 
inch and any residue washed gently with NaCl solution. Parti¬ 
cles were thus rendered easily visible and could be picked from the 
screen and examined microscopically. In addition quantities of 
milk varying from 25 to AO cc. from 13 cases were centrifuged at 
high speed and the sediment, after suspending in sterile broth, 
injected into the peritoneal cavities of young guinea pigs. A 
sample was saved and when possible coagulated with rennet and 
the resulting whey, or the whole milk, tested for B. abortus ag¬ 
glutinin. The brief history given with the protocols of the 
cases was obtained from the herd records'after the case had been 
studied. Inasmuch as the general features of the condition are 
similar only a few cases will be mentioned in detail. 

STUDY OP CASES 

Case H2f>. The milk from the left hind quarter was reported to 
contain flakes on January 5, 1927. Abnormalities of the quarter were 
not noted. The milk contained large numbers of tiny, elongated, white 
particles composed of leucocytes and mucus, and others made up of epi¬ 
thelial cells. The centrifuged sample revealed considerable yellow, 
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tenacious sediment composed largely of leucocytes in masses. The 
milk contained 2200 bacteria per cubic centimeter; 95 per cent of them 
were hemolytic staphylococci. The agar slant cultures from the sedi¬ 
ment developed hemolytic staphylococci. The milk from the other 
three quarters appeared normal and failed to contain the staphylococci. 

Case 1426. On July 13, 1920, mastitis developed in the right hind 
quarter. On August 1 and 2 and December 21, 2G, and 27, the milk 
from the left front quarter was flocculent. Mastitis developed in this 
quarter on February 16, 1927. On December 22, 1920, the quarter 
appeared slightly firmer along the ventral aspect. The milk contained 
small floccules composed of sheets of epithelial cells. On December 27, 
there were a considerable number of elongated flocculi composed of 
leucocytes and mucus. There was considerable sediment made up of 
leucocytes. Micrococci were found in the films both free and within 
phagocytes. The plate cultures revealed 9540 hemolytic staphylococci 
per cubic centimeter. The same organism had been found on Decem¬ 
ber 22. It was also present in the attack of mastitis on February 16, 
1927. 

Case 1427. Abnormalities in the milk from the left fore quarter 
were noted March 9, November 30, and December 11, 1926. On Feb¬ 
ruary 4, 1927, clinical mastitis developed in this quarter. Examina¬ 
tion of the quarter on December 12, 1926, failed to reveal abnormali¬ 
ties. The milk on that day contained small flakes of epithelium. It 
was more watery in appearance than that from the other quarters. 
There was considerable yellow sediment composed of large numbers of 
leucocytes and cells of the endothelial type. The plate revealed 1000 
non-hemolytic streptococci per cubic centimeter in the quarter. The 
milk from the other three quarters did not contain the streptococcus 
nor was an abnormal amount of sediment noted in the centrifuged 
sample. 

Case 1428. On January 9, 1927, the milker reported flocculi in the 
milk from the left fore quarter. The sample on January 10 failed to 
show flakes. Plate cultures revealed 3840 B. lactis aerogenes per cubic 
centimeter. The centrifuged sample revealed an excessive amount of 
sediment composed of masses of leucocytes. On January 11, clinical 
mastitis developed, the milk was purulent, and the bacilli were isolated 
from the plates. 
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ANALYSIS OF THE FINDINGS IN 20 CASES 

In our series of 20 cases the bacteriological findings were as 
follows: 


From 9, non-hemolytic streptococci 
From 5, hemolytic streptococci 
From 4, hemolytic staphylococci 
From 1, B. laetis aerogenes 
From 1, nothing significant 

As a rule the organisms were in moderate numbers, rarely 
above 9000 per cubic centimeter. In most instances udder 
pathogens appeared in blood agar plate cultures containing 
0.05 cc. of milk. However, in some cases relatively few organ¬ 
isms grew in the plates, but the blood agar slant cultures pre¬ 
pared from the sediment revealed a type capable of giving rise 
to udder disturbance. In one instance neither the plate cultures 
nor the horse blood agar slants revealed a suggestive organism. 
However, sufficient time had elapsed between the attack and our 
examination to warrant the presumption that any pathogen may 
have been completely eliminated from the udder. 

In 7 cases it was possible by palpation to detect abnormalities 
in the quarter. They consisted of irregular, firm areas, either 
diffuse or sharply circumscribed, in the region of the cistern or 
about the larger ducts. In 13 we failed to find such abnormal¬ 
ities. Five cows of the series developed mastitis subsequent to 
our examination. 

It is of further interest to note that 7 cows had no previous 
history of disturbance in the quarter involved prior to our exam¬ 
ination; 4 had two attacks, 1 three, 3 four attacks, 3 others had 
5 attacks, 1 had been reported six times, and another on ten 
occasions. 

The floccules observed on the sieve vary considerably in appear¬ 
ance and number. Those apt to arouse the attention of the fore 
milker are usually elongated, verminous-like particles, tenacious 
in character. In general they are 1 or 2 mm. in length, although 
at times some may reach a length of 5 mm. When these are 
washed free from casein, they are found to be composed of densely 
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packed masses of leucocytes, apparently held together by mucus. 
As a rule they are covered with fat globules, but when the particle 
is crushed between coverslip and slide and examined microscopi¬ 
cally its true nature is apparent. Their tenacious character and 
castlike appearance are characteristic. Particles of this nature 
were readily recognized in our samples, doubtless this type is 
characteristic of the condition. In a single instance distinctly 
visible floccules of mucus were obtained from the sieve. The 
sieve residue from many samples of milk revealed minute, 
irregular, flattened particles. These on examination proved to 
be small sheets of flattened, squamous, epithelial cells. They are 
evidently exfoliated particles from the lining of the lower teat 
canal. Examination of scrapings from the teat canal below the 
sphincter revealed cells of similar character and arrangement. 
They may be disregarded as having pathological significance 
since they evidently result from mechanical pressure during 
milking. Evidently they are too small to be seen during the 
routine examination of fore milk, or they strike the sieve with 
such force as to be broken and pass through. 

It is obvious that the condition we have described is an udder 
infl a mma tion of a mild character. The organisms encountered 
are capable of producing a severe mastitis and are similar to those 
noted previously by one of us (1). It is of further significance 
that 5 of the cows developed clinical mastitis at varying periods 
after our examination. In these instances the organism present 
during the mild attack, characterized by the appearance of a few 
flakes, was likewise overwhelmingly predominant in the severe 
clinical condition. However, it may be said that although a 
sufficiently pathogenic organism was present, its numbers were too 
small to be of much significance. A single case may be cited to 
show that considerable variation in the number of organisms 
occurs from time to time even though the milk is drawn at the 
same hour and by the same individual each day. 

Case 1429. January 10, 1927. Left fore quarter. Milk contained 
characteristic floccules. There were 540 non-hemolytic streptococci 
per cubic centimeter. There was considerable sediment composed of 
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leucocytes. The milk from the other three quarters was normal and 
contained 200 organisms per cubic centimeter. 

January 11. Flocculi were present in the milk from the left fore 
quarter. There was an excessive amount of sediment composed of 
leucocytes. The streptococci numbered 7640 per cubic centimeter. 
The milk from the other three quarters was normal, and although ex¬ 
amined daily never showed abnormalities nor contained streptococci 
throughout our observations. 

January 12. Floccules of leucocytes were present in the milk from 
the left fore quarter. Leucocytes were found in large numbers in the 
sediment. A total count of 260 bacteria per cubic centimeter was ob¬ 
tained; 30 per cent were streptococci. 

January 13. No flakes were observed in the milk from the left 
fore quarter; there was, however, the usual excessive amount of sedi¬ 
ment. The count rose to 5120 non-hemolytic streptococci per cubic 
centimeter. 

January 14. No floccules were present, but 5900 streptococci per 
cubic centimeter were found. 

January 15. Floccules were found and the count fell to 000 strepto¬ 
cocci per cubic centimeter. 

January 10. No floccules; 5040 streptococci per cubic centimeter. 

January 17. Floccules; 2040 non-hemolytic streptococci per cubic 
centimeter. 

January 18. No floccules; 480 non-hemolytic streptococci per cubic 
centimeter. 

Other cases similar in character have been studied with much 
the same result. There apparently exists no correlation between 
the actual number of streptococci and the presence of the floc¬ 
cules. The protocol further brings out the point previously 
mentioned that the number of organisms may be so scarce at 
certain times that they may be overlooked. 

It might also be suggested that there existed within the udder 
an organism capable of inciting a mild inflammation which could 
not be cultivated by the methods outlined. To test this possi¬ 
bility, we inoculated 13 guinea pigs, averaging 250 grams in weight, 
with all the sediment obtained from centrifuging 25 to 50 cc. of 
milk drawn directly from the involved quarter. The animals 
were under close observation for ten days following inoculation 
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and as far as we could tell remained well. Thirty five to forty 
days later they were killed and agar slants inoculated with bits 
of spleen. In no instance was B. abortus or other suggestive 
organism isolated. In addition the milk from all involved 
quarters failed to agglutinate B. abortus in sufficiently high 
titer to suggest severe udder infection with this organism. As a 
further confirmation, films from all sediments were fixed and 
stained. As a rule the bacteria encountered on microscopic 
examination could be cultivated. In a number of instances 
phagocytosis of streptococci and staphylococci was encountered 
and affords presumptive evidence that such org an i s ms were pro¬ 
ducing sufficient irritation to arouse the defensive mechanism. 

DISCUSSION' 

The microscopic and bacteriological findings are suggestive 
that the irregular appearance of elongated, tenacious particles 
in the milk is associated with bacterial inflammation. The 
organisms encountered are similar to those usually met with 
in bovine mastitis. In a number of instances palpaple lesions, 
usually consisting of irregular, ill defined, firm areas in the 
ventral portion of the quarter or in the region of the cistern 
and large ducts, suggested a chronic inflammation. This is 
well borne out in many instances by the number of attacks 
extending through one or more lactation periods. However, in 
the majority of instances lesions are not apparent. The exces¬ 
sive number of leucocytes and the increase in the titer of the 
blood serum proteins in the milk are indicative that inflamma¬ 
tion exists. The castlike character of the floccules argues that 
certain small lactiferous tubules are involved. The irregular 
appearance of the floccules in the milk is suggestive that under 
certain conditions leucocytes are bound together by mucus and 
may represent casts of some of the small ducts; due to mechanical 
or other causes they are released and finally reach the cistern. 
The readiness with which they are detected depends entirely on 
their size. The tenacious character of the milk sediment in 
cases where no visible flocculi occur, suggests that the aggregates 
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of leucocytes and mucus are too small to be detected with the 
unaided eye. 

In addition to these points, samples of relatively fat-free milk 
from 14 affected quarters were tested with cow serum precip¬ 
itin by the method described by one of us (2). In every instance 
the milk reacted well above the level of normal milk, showing that 
sufficient inflammation existed to produce the increased elimina¬ 
tion of blood serum proteins. 

From the history and our findings in many instances, it is 
apparent that these cows are relatively resistant. The organ¬ 
isms as a rule are held pretty well in check; if this were not the 
case the whole udder would soon become involved. In a number 
of cases this resistance was in some way overcome and in conse¬ 
quence the quarter became clinically involved. Occasionally a 
quarter may become infected, flakes appear in the milk during a 
few milkings, and the organism disappear from the quarter. This 
would explain the case in which no pathogen was found. 

Of our series of cases it may be said that we were dealing with 
several well defined degrees of resistance. Those animals which 
have one attack and recover must be regarded as most resistant; 
those which have several attacks and show no definite lesions are 
perhaps less resistant, the third group which have had several 
attacks and whose udders show certain abnormalities are on the 
whole still less resistant; and finally the group whose resistance 
was overcome by the infecting agent afford a further example of at 
least a temporary condition in which the resistance was largely 
overcome. It must be recognized that such cases as we have 
described are as dangerous from the standpoint of spreading 
udder infection as severe clinical cases. 

It may be said, that the organisms which we have encountered 
are not regarded as pathogenic for humans. However, it is 
possible that organisms from human sources gaining access to 
the udder may set up a mild inflammation not essentially different 
from the type encountered. With this in view we regard the 
usual method of withholding the milk of such cows from the 
general supply as essential. 
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SUMMARY 

A condition characterized by the irregular appearance of tiny, 
elongated, tenacious floccules in the milk of certain cows is 
described. In the majority of instances the involved quarter 
presents little that is abnormal; in certain cases firm areas about 
the cistern and milk ducts were noted. The floccules character¬ 
istic of the condition are composed of masses of leucocytes and 
mucus. Organisms of the same types (non-hemolytic and hemo¬ 
lytic streptococci and hemolytic staphylococci) as those found 
in mastitis are present in the “flaky” milk. An increased 
number of leucocytes and a relatively high blood protein elimina¬ 
tion are characteristic. The findings suggest a mild but pro¬ 
longed mastitis. 
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INTRODUCTION 

The quality and uniformity of Camembert cheese is determined 
to a great extent by the quality of the milk used from day to 
day. Pasteurizing the milk has been shown to improve the 
quality of Cheddar cheese. Since faulty flavors and textures in 
Cheddar and Camembert cheese are probably caused by similar 
microorganisms, it seems very possible that pasteurization of 
the milk can also be successfully applied in the manufacture of 
Camembert cheese. 

Previous attempts to make cheese from pasteurized milk 

Numerous investigators have attempted to apply pasteuriza¬ 
tion as a means of reducing or eliminating the daily changes in 
the process of cheesemaking, which are largely due to variation 
in the biological properties of the milk. 

Dunne (1) in 1918 reported that in 1908 and 1909 a large 
number of dairies in Denmark produced hard cheese from pas¬ 
teurized milk for the chief purpose of ridding the milk of patho¬ 
genic bacteria. 0. Wennevold was the promoter of the idea 
of pasteurizing the milk for cheesemaking in Denmark. In 1915 
he stated that pasteurizing temperatures of 149° to 158°F. were 
becoming general and gave good results. 

Atkinson (2) in 1922 found that a better cheese was obtained 
by the “holder” than by the “flash” method. Practically no 
difference was observed in the time of coagulation when the 
milk was pasteurized at 145°I'\ for thirty minutes and a slightly 
larger amount of starter added. The flavor of the cheese was 
superior and the yield greater. 

* Received for publication April 22,1927. 
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Murray (3) in 1923 obtained similar results. 

Gow (4) in 1922 reported that in South America Gouda 
cheese was manufactured successfully from milk pasteurized by 
the holder method. 

Stevenson (5) in 1923 stated that the manufacture of cheese 
from milk heated to a temperature of 160° to 165°F. for an 
instant, cooled, and set with rennet, without the addition of 
acids or salts, was common in New Zealand. The advantages 
in favor of pasteurized milk cheese were: Improved flavor, 
greater uniformity, larger yield, better keeping quality, and 
simplified process of manufacture. 

Price (6) in 1927 partially reviews investigations previous to 
the year 1922. In his own experiments he showed that milk 
pasteurized at 145°F. for 30 minutes produced a better quality of 
cheese than any other holder methods of pasteurization tried. 

Kneuttinger (7) in 1926 found that pasteurization of the 
milk produced inferior Tilsit cheese. He stated that a bitter 
flavor resulted, perhaps from the influence of the heat upon the 
albuminoids and salts of the milk, or the increased retention of 
whey in the curd. 

In 1926 Marquardt and Hucker (8) reported that cheese made 
from pasteurized milk by the holder method showed the greatest 
improvement when the milk was produced under satisfactory 
sanitary conditions. 

Previous attempts to make Camembert cheese from pasteurized milk 

Little has been done to find out whether pasteurized milk can 
be made successfully into Camembert cheese. 

Dunne (1) previously mentioned, reported in 1918 that during 
the war Denmark produced good Camembert cheese from pas¬ 
teurized milk to supply Scandinavia. 

Golding (9) in 1913 made cheese from pasteurized milk in 
attempts to improve the keeping quality and to prevent gassy 
fermentation. Pasteurization temperatures of 150°F. were used. 
The quality was found to be decidedly improved and the yield 
slightly greater. 
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Selection of 'pasteurizing method 

It has been shown that pathogenic and other undesirable 
organisms commonly found in milk are destroyed or inactivated 
by exposure to a temperature of 145°F. for thirty minutes. 
Practical experience has also proved that satisfactory Cheddar 
cheese can be produced from milk pasteurized by the holder 
method. This method does not injure the coagulability of the 
milk, since a good coagulation following this treatment can be 
obtained without the addition of chemicals. 

These facts led to the use of the holder method of pasteurizing 
in the following experiments. 

PURPOSE AND PROCEDURE OF EXPERIMENTS 

Purpose of experiments 

There were 25 lots of cheese made. Lots 1 to 15 were intended 
to determine the correct conditions for curdmaking. Based 
upon their results lots 10 to 25 were planned to determine the 
effect of the pasteurization upon the quality of the cheese. 

Plan of procedure 

The milk which was used in the 25 paired experiments origi¬ 
nated from different sources and consisted of various grades. 
In each of the lots 1 to 15, SO pounds of milk was equally divided 
and placed in two vats. Each vat of milk was made into 10 
cheese. In lots 16 to 25 the amount of milk used was increased 
to 120 pounds and 15 cheese made out of each vat of milk. Four 
pounds of milk were required for each individual cheese which 
weighed approximately § pound. In each experiment one of the 
two vats of milk.was pasteurized at 145°F. for thirty minutes 
and cooled to setting temperature. Enough extra milk was 
added to each vat to make two rennet tests before and after 
the addition of the commercial lactic acid starter. Previous 
to renneting the milk was inoculated with a pure culture of 
Penicillium camemberti, grown on sterilized crackers. Each 
vat of milk was made into the best cheese possible. The cheese 
were cured in the manner recommended by Thom and Fisk, 
Matheson, and Sammis (10, 11, 12). 
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Testing 

The samples of milk, whey, green and ripened cheese were 
analyzed for fat and total solids by the Mojonnier method and 
apparatus. 


Scoring of cheese 

The scoring of the cheese was done by seven members of the 
staff of the Department of Dairy Industry. The identity of 
the cheese was unknown to them. Since there was no standard 
Camembert cheese score, the following score card was selected 
as a means of determining the quality of the cheese. Perfect 
score for: Flavor 50, body and texture 30, mold growth 10, color 
5, finish 5, total 100. 

To determine the quality of each lot of cheese three raw and 
three pasteurized milk cheese were selected and presented to the 
judges. The average of the scores for the three raw and the 
three pasteurized milk cheese from each lot was taken to indi¬ 
cate the actual quality of the cheese. 

Interpretation of results 

“Student’s” (13) method of interpreting the data of the paired 
experiments was used. By this method the odds that a given 
difference is significant are stated as 30 to 1 or 500 to 1, and so 
on. Odds of 30 to 1 in this work are held to indicate a significant 
difference. 

Student’s (13) tables were modified by Love (14). Love’s 
tables were used in this work. 

EXPERIMENTS 

Effect of pasteurizing the milk on the score of the cheese 

These data were obtained from 23 paired experiments. The 
differences between the average scores of the two types of cheese 
are s umm arized in table 1, which show's also the probable error 
and the coefficient of variation of the scores. From this table 
it seems evident that a higher scoring cheese can be produced 
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from pasteurized milk than from identical raw milk. The co¬ 
efficient of variation tends to show that the quality of the pas¬ 
teurized milk cheese is more uniform. 

In lots 1 to 15 the difference between the scores of the paired 
observations is 4.82 points, and in lots 16 to 25 3.88 points. 
The odds that the differences are significant are 197:1 and 100:1 
respectively. 

The pasteurized milk cheese was inferior in quality to the 
raw milk cheese in only three out of the 23 experiments. In 
these instances accidental contamination of the pasteurized milk 
cheese was responsible for their inferior quality. 


TABLE 1 

Quality of the cheat, made from raw and pasteurized mill; 


LOT NUMBER 

NUMBER OF 

Tit It \TMENT 

MEAN HCORK 

COEFFICIENT OF 

OBFERV VTIONB 

VARIATION 

1 15 


Ilaw* ! 

si..IS +. 1.62 

10.2 

1*> 

l ; 

Pasteurized* 

S6 m ± 0.89 

5 5 

10-25 

i«. 1 

11 

1 Paw* 

78.13 :i- 1.11 

G 5 

Pasteurized* 

82.01 ± 0.67 

1 

3.6 


* A11 cheese made from Ihe same milk received the same lot number with the 
differentiation of “raw” and ‘pasteurized.” 


Influence of Ihe quality of milk on the score of the pasteurized milk 

cheese 

In comparing the scores of the raw and pasteurized milk cheese, 
it wtts noticed that the difference seemed to be greatest when 
the raw milk cheese was of inferior quality. 

The coefficient of correlation between the raw milk cheese 
scores and the gain in score of the pasteurized milk cheese in 
lots 1 to 25 was found to be —0.782 d- 0.054. This indicates 
that with increasing score of the raw' milk cheese, the difference 
in score between it and the pasteurized milk cheese becomes 
smaller. 

Further it was noticed that with decreasing score of the raw 
milk cheese the score of the pasteurized milk cheese also de- 
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creases. To verify this observation the coefficient of correla¬ 
tion was determined and found to be -f0.732 ± 0.0G5. 

If it is assumed that the quality of the raw milk cheese indi¬ 
cates in a general way the quality of the milk from which it was 
made, it seems logical to conclude from these observations that 
pasteurization of the milk is most effective when the raw milk 
is of inferior quality. 

Effect of sturter on the quality of the curd 

The firmness and the acid development of the curd are the 
factors which determine to a large extent the proper draining and 
ripening of Camembert cheese. In making cheese from raw 
milk it is desirable to increase the acidity of the milk by adding 
starter to such an extent that the proper acid development and 
firmness of the curd for cutting is reached in one an one-quarter 
to one an three-quarters hours after setting the milk. 

The appearance of whey drops on the surface of the curd is the 
generally accepted sign that the curd is ready to be dipped into 
the hoops. In these experiments it was found that this condi¬ 
tion was obtained in the average quality raw milk with the addi¬ 
tion of 3 to 4 per cent of clean-flavored, sixteen-hour-old starter. 
Due to the fact that in the milk pasteurized at a temperature of 
145°F. for thirty minutes, most of the lactic acid producing 
organisms are destroyed, it is evident that a larger amount of 
starter is required. In the course of the experiments it was 
noticed that 4 to 5 per cent of starter brought about the desired 
conditions of the curd made from pasteurized milk. 

Influence of rennet on the quality of the curd 

Thom and Fisk, Sammis, and Matheson (10, 11, 12) recom¬ 
mend 3 to 5 ounces of rennet per 1000 pounds of milk. In these 
experiments it was found that 4 ounces of rennet gave a good 
coagulation of the milk and the proper firmness of the curd. To 
determine whether a greater amount of rennet would be bene¬ 
ficial in making Camembert cheese from pasteurized milk, three 
experiments were made with increased amounts of rennet. In 



454 WAI/TER H0CH6TRASSER AND WALTER V. PRICE 


all 3 cases the effect of the greater amount of rennet on the 
quality of the curd was unsatisfactory. The curd had the 
tendency to be too firm, and the expulsion of the whey was slow. 
Very little or no sweating of the curd at the time of dipping, 
with slow draining of the cheese in the hoops, was noticed. 

Effect of pasteurization of the milk upon the yield of Camembert 

cheese 

All the cheese made were weighed every day, from the first 
day after making until they were wrapped in tinfoil and boxed. 
The final weight was taken immediately before scoring and dis¬ 
posing of the cheese. Scales graduated to 0.02 pound were used. 
The yield of green cheese was calculated on the basis of 100 


TABLE 2 

Average amount of cheese from 100 pounds of milk and starter 


LOT NUMBER 

TREATMENT 

GREEN CHEESE 

RIPENED CHEESE 



pounds 

pound9 

1-13 | 

Raw 

21.45 

14.02 

Pasteurized 

22.25 

14.17 

16-25 | 

Raw 

19.38 

13.47 

Pasteurized 

19.25 

13.41 


pounds of milk and starter after draining from twenty to twenty- 
four hours. The yield of ripened cheese was determined in the 
same manner at the time of scoring. 

Table 2 is a summary of the observations. 

The experiments show that the average yield for raw and 
pasteurized milk cheese is practically the same. 

Effect of pasteurization on the shrinkage of the cheese 

The amount of weight lost by the cheese dining the process of 
curing is influenced largely by the loss of moisture, which de¬ 
pends chiefly on the moisture content of the cheese, the tem¬ 
perature and humidity of the curing room, the length of time of 
curing of the cheese, and the rapidity and intensity of the mold 
growth previous to wrapping and boxing. 
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These factors were constant for each pair of cheese, but some 
variations occurred in some respects in the curing of different 
pairs. A record was kept of the loss of weight for lots 1 to 25, 
and the percent of shrinkage was calculated. 

The loss of weight of the pasteurized milk cheese is greater in 
lots 1 to 15. This is explained by the fact that in lots 1 to 8 
the same amount of starter was used in each pair of the raw and 
pasteurized milk cheese. At the time of dipping and draining 
the pasteurized milk cheese in each lot had a tendency to retain 
more moisture than the raw milk cheese, due to the slower de¬ 
velopment of acid. 

In lots 10 to 25, where the amount of starter added to the 
pasteurized milk is properly adjusted, the loss of weight is practi¬ 
cally the same in both types of cheese. 


TABLE 3 

Loss of weight of raw and pasteurized milk cheese 


LOT KUMBBIt 

TREATMENT 

PER CBNT OF WEICJHT OF GREEN 
CHEESE LOST rN CURING 

1-15 

{ 

Raw 

Pasteurized 

34.52 

36 31 

10-25 

{ 

Raw 

Pasteurized 

29 86 

30 05 


Effect of pasteurization on the fat, total solids, and solids not fat 

content of the cheese 

The green cheese made from pasteurized milk contains more 
moisture in lots 1 to 15. This accounts for the lower per cent 
of fat in the cheese. In lots 16 to 25 the composition of both 
types of cheese is practically the same. The data tend to show 
that with the proper method of curdmaking it is possible to ob¬ 
tain the same composition in the pasteurized milk cheese that 
is desired in the raw milk cheese. The percentage of fat, total 
solids, and solids not fat increases during the ripening process 
due to the loss of moisture. 

To determine whether more fat, total solids, and solids not fat 
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are retained in the cheese made from pasteurized milk, the pounds 
of fat, total solids, and solids not fat are calculated for the cheese 
obtained from 100 pounds of milk and starter and summarized in 
table 5. 

The amounts of fat, total solids, and solids not fat retained in 
the cheese made from pasteurized milk are slightly greater only 

TABLE 4 

Fat , total solids , and solids not fat tests of green and ripened cheese made from raw 

and pasteurized milk 


LOT 

TREATMENT 

FAT 

TOTAL SOLIDS 

SOLIDS NOT FAT 

NUMBER 

Green 

Ripened 

Green 

Ripened 

1 

Green 

Ripened 

1-15 | 

Raw 

Pasteurized 

per cent 

18.48 

18.34 

■ 

per cent 

25,59 

25.63 

per cent 

34.49 

34.10 

per cent 

46.09 

46.50 

per cent 

16.01 

15.76 

per cent 

20.50 

20.87 

16-25 | 

Raw 

Pasteurized 

19.12 
19.19 

26.40 

26.84 

36.32 

36.49 

49.06 

49.63 

■ 

22.66 
22.79 


TABLE 5 

Distribution of fat, total solids , and solids not fat in raw and pasteurized milk cheese , 
made from WO pounds of milk and starter 


LOT 

TREATMENT 

FAT 

TOTAL SOLIDS 

SOLIDS NOT FAT 

NUMBER 

Green 

Ripened 

Green 

Ripened 

Green 

Ripened 




pound* 

pounds 

pounds 

pounds 

pounds 

pounds 

1-15 | 

Raw 

3.95 

3.60 

7.36 

6.47 

3.44 

3.34 

Pasteurized 

4.01 

3.62 

7.49‘ 

6.58 

3.48 

3.33 

16-25 | 

Raw 

3.69 

3.56 

7.00 

6.60 

2.87 

2.98 

Pasteurized 

3.69 

3.58 

7.00 

6.59 

2.92 

2.97 


in lots 1 to 15. The differences are not large enough, however, 
to be significant. 

Effect of pasteurization upon the keeping quality of the cheese 

After scoring, some representative samples of each lot of 
cheese were kept at a temperature of 53°F. for one to four weeks, 
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to determine whether there existed any difference in the keeping 
quality of the cheese. 

The results did not lead to any definite conclusion. The keep¬ 
ing quality of the cheese is determined largely by the quality of 
the milk, the moisture content of the cheese, and the mold growth. 
Where these three factors were nearly the same, practically no 
difference in the keeping quality of the cheese could be observed. 
However, it was noticed iD the course of the experiments that 
faulty flavors apparent at the time of scoring were more pro¬ 
nounced when the cheese were held for two to four weeks. Bitter 
flavor especially seemed to increase with the age of the cheese. 


TABLE 6 

Fat, total Halids, and solids not fat lost in the irhcy 


LOT NUMBER 

TREATMEN T 

FAT 

TOT VL SOLIDS 

SOLIDS NOT FAT 


; 


per cent 

;>ur cent 

per cent 

1-15 

r 

Raw 

0.169 

0.659 

0.490 

\ 

Pasteurized 

0 110 

0 654 

0.537 

16-25 

f 

[ Raw 

; 

0 089 

0.657 

0.56S 

1 

Pasteurized 

0 071 

0 668 

0.597 


Effect of pasteurization upon the fat, total solids, and solids not fat 

content of the whey 

Most of the whey drippings were collected at the time of 
dipping the curd. After the cheese had drained for one and 
one-half to 2 hours, representative samples of the whey collected 
from the raw and pasteurized milk were analyzed. 

The results in lots 1 to 25 show that the average per cent fat 
lost in the whey from raw milk is greater than in the whey from 
pasteurized milk. The mean difference in lots 1 to 15 is 0.053 
per cent, and in lots 16 to 25 0.018 per cent. The odds that the 
differences are significant are 1666:1 and 1999:1 respectively. 
The total solids content in the whey from both types of cheese 
in lots 1 to 25 is so variable, that the differences +0.005 for 
lots 1 to 15 and -0.011 for lots 16 to 25 are insignificant, since 
the odds are only 5.27:1 and 5.52:1 respectively. The ealeu- 
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iated loss of solids not fat is greater in the whey from pasteurized 
milk. The mean differences are 0.047 for the lots 1 to 15 and 
0.028 for lots 16 to 25. The odds that these differences are 
significant are 2247:1 and 1666:1 respectively. 

CONCLUSIONS 

1. Camembert cheese can be successfully made from milk 
pasteurized at a temperature of 145°F. for thirty minutes. 

2. Pasteurized milk produces a cheese of better average quality 
and uniformity. 

3. The improvement of the quality of cheese is greatest when 
the raw milk previous to pasteurizing is of inferior quality. 
The quality of the pasteurized milk cheese improves with im¬ 
proving quality of the raw milk. 

4. In making Camembert cheese from pasteurized milk a 
larger amount of starter should be used. 

5. Pasteurization has practically no influence upon the yield 
of ripened Camembert cheese. 
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BACTERIOLOGICAL METHODS OF EXAMINING ICE 

CREAM* 

FOREWORD 

The American Dairy Science Association, through its com¬ 
mittee on bacteriological methods, is contemplating the formu¬ 
lation of a complete set of bacteriological procedures useful in 
controlling the quality of all dairy products. This committee 
expects to act largely through sub-committees appointed from 
men in the organization who have had experience with the bac¬ 
teriological analysis of various dairy products. Obviously, the 
formulation of such methods should not be left to the arbitrary 
decision of a committee, but should be the result of suggestions 
and criticisms coming from all interested parties, whether or not 
they are members of the American Dairy Science Association. 
The committee, therefore, wishes to serve as a center about which 
methods satisfactory to the largest number may be evolved. 

The purpose of this preliminary report is to submit to the ice 
cream industry at large, proposed methods of sanitary control of 
ice cream. These will be revised later in accordance with the 
suggestions received and the judgment of the committee, before 
they are finally adopted by the American Dairy Science Associa¬ 
tion and included in the report on bacteriological methods of 
analyzing dairy products. 

AGAR PLATE METHOD OF ICE CREAM ANALYSIS 

Preparation and sterilization of equipment 

Glassware . All glassware should be sterilized in the hot air 
sterilizer at 170° to 180°C. for from one to two hours. Pipettes 
and Petri dishes should be wrapped in paper 1 or enclosed in metal 
containers to prevent contamination upon removal from the 

* Received for publication May 20, 1927. 

1 Imported Kraft wrapping paper withstands sterilising temperatures excel¬ 
lently without charring. 
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sterilizer. In arranging the material in the hot air sterilizer, 
care should be taken to permit free circulation of air about each 
package or piece of glassware. 

Method of sampling 

Liquids. Cream, milk, skim milk or ice cream mix should be 
sampled by means of a sterile sampling tube. Such a tube can be 
made by flaming the ends of a 36-inch piece of |-inch glass tubing. 
Aluminum or other metal tubes may also be used. One to four 
tubes may be completely wrapped in paper or the tubes may be 
enclosed in a metal case before sterilization. If the cream or 
milk to be sampled is in cans, a composite sample may be ob¬ 
tained by agitating, and then slowly inserting the tube to the 
bottom of each can, removing, thereby, a sector of the contents 
and placing in a sterile sample bottle. The sample bottle best 
adapted to this work is a wide mouth, ground glass stoppered 
bottle of about 120-cc. capacity. Fifty to 100 cc. of sample 
should be taken in each instance. 

If the liquid to be sampled is in a vat, the contents should be 
agitated thoroughly, then sampled by means of the sterile sam¬ 
pling tube in at least six places (preferably more) in the vat. 

Liquid samples taken from the spout of the homogenizer or 
freezer should be obtained by quickly passing the bottle under 
the opening at periodic intervals during the discharge so as to get 
representative samples of the material delivered from the ma¬ 
chine. 

Solids. Sugar, gelatin, and skim milk powder should be thor¬ 
oughly mixed with a sterile spatula and a portion placed in a 
sterile sample bottle. 

Frozen ice cream should be sampled with a sterile butter trier, 
after removing the surface inch from the point to be sampled. 
The core thus removed should be cut into short pieces with a 
sterile spoon or spatula and placed in a sterile bottle. 

Care of the samples 

All samples should be placed in cracked ice immediately and 
carried directly to the laboratory as quickly as possible. 
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Measuring the sample 

The sample of ice cream may be either weighed or measured. 
With ice cream it is frequently difficult to expel all the air, with the 
result that one 10 cc. volume may contain more or less ice cream 
than another. Variations in the viscosity of the mix and in the 
cleanliness of the pipette may cause more or less of the mix to 
adhere to the glass. The gravimetric method has the disad¬ 
vantage of being more tedious and more time-consuming, but, 
in general, gives more accurate and less variable results. The 
preference for the gravimetric or volumetric method will depend 
on the nature of the analytical work. For ordinary plant con¬ 
trol work, where routine check is being made on the quality of the 
ingredients and the final product, the volumetric method is 
sufficiently accurate. On the other hand, for research and public 
health work, where accuracy and comparability of results are 
essential, the gravimetric method should be used. However, 
if consecutive samples are being taken at the various stages in the 
process of ice cream manufacture, all determinations should be 
made on the same basis, either gravimetric or volumetric. The 
former method gives results showing the estimated numbers of 
colonies developing on agar plates per gram, the latter, the num¬ 
ber of colonies per cubic centimeter. 

If the sample to be analyzed is frozen ice cream, it should be 
melted and the air expelled by heating in a water bath at 45°C. 
(113°F.) for fifteen minutes. If a higher temperature is used 
for melting the ice cream, it is likely to injure the organisms, 
and lower temperature is likely to necessitate a sufficiently long 
exposure to permit noticeable growth of the bacteria. When 
the volumetric method is used for ice cream, extreme care should 
be taken to insure complete expulsion of the air, and to rinse the 
pipette several times in the dilution water until the pipette is 
reasonably clean and free from ice cream. 

Volumetric method. Liquids. The larger the volume of sample 
used in making the first dilution the less will be the per cent of 
error in measuring the sample. This is especially true of liquids 
of high viscosity such as heavy cream and melted ice cream mix. 
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The amounts most commonly used are: 1 cc. of sample in 99 cc. 
of sterile water, 5 cc. of sample in 95 cc. of sterile water, or 10 cc. 
of sample in 90 cc. of sterile water, giving dilutions of 1:100, 
1:20, and 1:10 respectively. For all volumetric samples, the 
volume of the sample plus the volume of the sterile dilution water 
should equal 100 cc. The dilution, therefore, should be expressed 
as in “1:10,” “1:100,” etc., and the results in terms of “plate 
count per cubic centimeter'--50,000, etc.” Not more than two 
significant left-hand digits should be used in reporting numbers. 

Gravimetric method. Solids. The results of gravimetric an¬ 
alyses are reported in terms of “plate count per gram—50,000 
etc.” Analyses of gelatin, sugar and skim milk powder, are usu¬ 
ally made on a gravimetric basis, by weighing ten grams on sterile 
paper and placing in 90 cc. of sterile water under aseptic condi¬ 
tions. From this 1:10 dilution, appropriate dilutions are made 
and plated in the usual manner. In the analysis of gelatin it is 
necessary to warm the dilution blanks to insure equal distri¬ 
bution of the sample. 

Fruits, such as strawberries in heavy syrup, may be weighed 
on sterilized paper conterpoised on the balances. Place two 
sheets of sterile glazed filter paper on the pans of the balance and 
weigh a 10 gram sample. Under aseptic conditions, introduce 
the fruit, together with the single thickness of filter paper, into 
the dilution bottle. In this manner the contamination of the 
paper from the scale pan is prevented. 

Gravimetric method. Liquids. If a 10-gram sample of cream, 
melted ice cream, condensed milk, etc., is weighed directly into 
a dilution blank, it does not matter how much adheres to the 
pipette or how much air remains in the melted ice cream. 

Method of weighing sample directly into dilution blank. A 
dilution blank containing 90 cc. of sterile water, and a pair of 
Comet forceps are counter-balanced on a good grade of torsion 
balances. It is more convenient to have a beaker of water on each 
pan of the balance to facilitate counter-balancing. The in¬ 
strument should be sufficiently sensitive so that one drop of water 
will disturb the balance. After counter-balancing to within one 
drop of the true balance, add a 10-gram weight to the pan op- 
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posite the dilution blank; remove the stopper from the dilution 
blank, taking care that it does not touch anything. Flame the 
mouth of the flask and, by means of a pipette introduce the sam¬ 
ple to be analyzed until the 10-gram weight is accurately balanced. 
Flame the mouth of the dilution bottle and replace the stopper. 
Test the accuracy of the weighing by dropping one drop of the 
sample in the beaker on the opposite pan, if it is close enough 
so that one drop throws the balance to the other side, it may be 
considered sufficiently accurate for use in the analysis. If cotton 
stoppers are used in the dilution blanks, the Cornet forceps are 
used to suspend the stopper over the edge of the pan so that it is 
not contaminated by touching the pan. If glass- or rubber- 
stoppered dilution bottles are used, the Cornet forceps are un¬ 
necessary. 


PREPARATION OF AGAR PLATES 

Media. For ice cream analysis, several media have been found 
satisfactory, and others not mentioned here, no doubt, could be 
used with equal satisfaction. Most public health laboratories, 
however, use the standard agar as described in detail in the fifth 
edition of Standard Methods of Milk Analysis, published by the 
American Public Health Association, 370 Seventh Avenue, New 
York City. Briefly, this media is prepared as follows: Add 0.3 
per cent Bacto-beef-extract (or other brands giving comparable 
results), 0.5 per cent Bacto-peptone (or other brands giving 
comparable results), and 1.5 per cent market agar to the desired 
number of liters of distilled water; dissolve in an autoclave for 
from forty to ninety minutes after the pressure has reached 15 
pounds, the length of time depending on the quantity of media 
being prepared. Remove the media and determine its reaction. 
If necessary, standardize the reaction to pH 6.6. This may be 
done according to the method described in the Standard Methods 
of Milk Analysis. After standardization, the media should be 
filtered through cotton or Buchner funnels. Place 10 cc. of 
media in test tubes or 55 cc. in flasks and sterilize at 15 pounds 
pressure for twenty minutes or by heating in flowing steam on 
three successive days for twenty minutes each day. 
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Milk powder agar, as described by Ayers and Mudge, has been 
found very advantageous in the determination of different types 
of bacteria in ice cream. The following specific directions for 
making milk powder agar are quoted from the original article by 
Ayers and Mudge.® 


Detailed directions for preparation of 1 liter of milk powder agar 
Medium A ingredients for 1 liter: 

1 5 grams skim milk powder 1 In250cc. 

1 gram sodium dibasic phosphate (Sorensen's phosphate)} distilled 
(NajHPOi—2H s O) J water 


(b) 


5 grams peptone 
3 grams extract 


) 

1 


In 250 cc. distilled water 


Mix (a) and (b) and add 500 cc. of double strength (3 per cent) 
washed-agar solution. 

The detailed directions must be followed accurately if satisfactory 
and constant results are to be obtained. The medium is very easy to 
prepare when the various steps are understood and the process completed 
once. It may appear complicated because of the complete details 
which are given of each step in the process and which make the prepara¬ 
tion of the medium appear somewhat long. 

To make the milk-powder solution “a” use a good grade of skim-milk 
powder made by the spray process, and prepare the following solutions: 

. . f 5 grams milk powder 
' 1 20 cc. distilled water 


j 1 gram sodium dibasic phosphate (Sorensen’s phosphate) 

\f> cc. distilled water 

(When making more than 1 liter, the same proportions of milk pow¬ 
der to water and phosphate to water must be used; therefore, to make 
5 liters multiply each amount by 5.) 

Weigh out 5 grams of skim-milk powder and pour on to 20 cc. of cold 
distilled water in a small beaker. Stir until thoroughly dissolved. In 
another beaker, dissolve 1 gram of sodium dibasic phosphate (Soren¬ 
sen’s phosphate) in 5 cc. of distilled water. Warm to dissolve phos¬ 
phate quickly. Sorensen’s phosphate, Na2HP0 4 —2H 2 0, must be used. 

* Ayers, S. H., and C. S. Mudge. Milk powder agar for the determination of 
bacteria in milk. Jour. Bacteriol., 5: 565-588 (1920). 
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Add the phosphate solution (2) to the milk powder (1). Place the 
beaker, containing (1) and (2) mixed, in a water bath with water at 
about 30°C. and heat the milk powder phosphate solution to about 
60°C. This should take about ten minutes. At temperatures between 
50° and 60°C. a flocculent grayish precipitate will appear. Continue 
the heating until the precipitate appears, then steam in an Arnold or 
other steamer for five minutes, or until the precipitate appears white. 
Then dilute the milk-powder solution about one-third with distilled 
water and steam five minutes longer. Too long steaming will cause 
the solution to turn dark and should be avoided. The whole heating 
period should not be more than twenty or twenty-five minutes. 

Decant the solution while hot on to a filter paper, taking care to keep 
the precipitate in the beaker until most of the liquid is through. Then 
pour the precipitate on the filter and wash with a little distilled water. 
If the milk-powder solution has been properly heated it will filter readily, 
provided the filter paper is not too hard. “J. Green” Grade 588 and 
“Ilmenau” filter paper have given good results. 

The filtrate, which is of a yellowish-white color, will appear cloudy 
and can not be filtered clear in the concentration used. This makes no 
difference, because it is clear in the dilution of the final medium. 

Make up the filtered milk-powder solution to 250 cc. with distilled 
water. This completes the milk-powder solution “a.” 

To make the peptone-extraet solution “b” dissolve 5 grams peptone 
and 3 grams Liebig extract in 100 cc. distilled water by steaming in the 
Arnold sterilizer or by boiling over flame for twenty minutes. Filter 
until clear and make solution up to 250 cc. with distilled water. This 
completes solution “b.” “Difco” peptone has been used in our ex¬ 
periments because of its hydrogen-ion concentration, which is near the 
neutral point, and because, with the extract in the proportion of 5 grams 
peptone to 3 grams extract, a precipitate is usually formed which per¬ 
mits filtration with a resulting clear solution. For a standard medium, 
whatever makes of peptone and extract are selected should be univer¬ 
sally used. 

The milk-powder solution “a” is now mixed with the peptone extract 
solution “b” which gives a total volume of 500 cc. To this mixture 
500 cc. of double strength (3 per cent) washed-agar solution is added. 
This completes the medium, which is now ready for sterilization. 

We specifically mention distilled water. Tap water may or may not 
contain dissolved substances, the effect of which on media making and 
bacterial growth is unknown. By the use of distilled water this un- 
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certainty is obviated and one is assured of a constant definite solvent, 
“standard” everywhere. 

A stock solution of double strength (3 per cent) washed agar is pre¬ 
pared and put up in flasks and sterilized. This agar is then ready at any 
time for use. The agar should be put up in flasks in amounts suitable 
for the amount of medium to be made at any one time. It is not de¬ 
sirable to use part of a flask of agar, then resterilize and hold for future 
use. Repeated heating lowers its jelly strength. The flasks should be 
stoppered to prevent evaporation. To prepare a liter of 3 per cent 
washed agar, weigh out 30 grams of agar and place in a flask with 200 
cc. of distilled water. This proportion should always be used. Allow 
it to stand for twenty-four hours, at room temperature, with occasional 
shaking. Then pour off as much water as possible, using a piece of 
cheesecloth over the top of the flask, and add distilled water enough 
to make up again the original volume. 

Allow the agar to stand another twenty-four hours, and then pour off 
the agar on to a cotton flannel cloth in a funnel and wash once with a 
liter of distilled water. Let the agar drain and then press out as much 
water as possible by squeezing the filter cloth with the hands. A 
container large enough to hold the agar is counterpoised on the labora¬ 
tory scales, and the agar placed in it. In the opposite pan is placed 30 
grams for the agar and 1000 grams for the weight of the water in which 
the agar is to be dissolved. Then water enough is added to make up 
this weight. This will make a liter of 3 per cent agar. Dissolve the 
agar by heating in the Arnold sterilizer, then filter through cotton flannel 
or absorbent cotton until clear. 

Whey agar and casein digest agar have not been so widely used 
in ice cream analysis. Carbohydrate media such as dextrose 
agar, lactose agar, etc., may be prepared by adding one per cent 
of the carbohydrate to the plain agar previously described. The 
addition of carbohydrate to the plain medium increases the 
number of colonies appearing on the plates. 

If it is desired to check the results of analysis in one laboratory 
with those obtained in another laboratory, it is essential that the 
media employed in both laboratories be the same. 

Making the agar plates 

After placing 1 cc. of the desired dilutions in Petri dishes, 10 cc. 
of agar should be admitted to each plate under aseptic conditions. 
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If the agar is in flasks, care should be taken to pour the same 
amount of agar into each plate. The number of plates poured 
will depend upon the accuracy desired. Ordinarily, duplicate 
plates should be prepared from each dilution, although this may 
not be necessary in routine plant control work. 

Incubation 

The Standard Methods of Milk Analysis recommends incu¬ 
bation of plates for forty-eight hours at 37°C. A more complete 
count will be obtained by adopting the plan followed in some 
laboratories of incubating forty-eight hours at room tempera¬ 
ture, followed by forty-eight hours at 37°C.; still other labora¬ 
tories use one week incubation at room temperature. If results 
are to be compared with the results of another laboratory, the 
incubation time and temperature should be the same in both 
laboratories. 

Plates should be inverted during incubation to prevent spread¬ 
ers. The atmosphere in the incubator should be kept moist so as 
to prevent the drying up of the media. Care should always be 
taken not to stack plates in piles of more than three, in order to 
insure equal incubation of all plates. Plates should not be dis¬ 
turbed during incubation, otherwise the water of condensation 
will flow across the plate and cause growth on the surface of the 
agar. 

Counting the colonies 

A convenient method of counting the colonies is to invert the 
plate and mark each colony with ink or a wax pencil as it is 
counted, at the same time keeping count with a tally meter in the 
other hand. This’ method greatly increases the accuracy of 
counting by preventing confusion of the count, due to interrup¬ 
tions or to counting the same colony twice. All plates in a series 
should be counted at as nearly the same time as possible. After 
counting the colonies with the naked eye, all plates should be 
carefully examined with a hand lens (3| X) to detect colonies too 
small to be seen with the naked eye. Occasionally, it may prove 
necessary to examine the plates under the low power of a com- 
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pound microscope in order to determine the true nature of ap¬ 
parent colonies. 

MICROSCOPIC COUNT OP BACTERIA IN ICE CREAM (FABIAN’S MODI¬ 
FICATION OF THE BREED METHOD) 5 

In working with ice cream it is often desirable to obtain certain 
information that cannot be obtained by any other method than 
that of examining a small amount of ice cream directly under the 
microscope. While there has not been as much work done with 
this method for ice cream as has been done with milk, yet the 
committee feels that there is sufficient merit in the method to 
incorporate it in this report. The direct microscopic method for 
ice cream may be used to best advantage with the unpasteurized 
product and in the raw materials going into the mix. However, 
it is also of service in detecting the presence of excessive num¬ 
bers of bacteria, use of moldy fruits and the like in the pasteur¬ 
ized product. 

Apparatus required 

The apparatus required for this method is the same as that used 
in the Breed method as applied to milk, excepting an analytical 
balance. A microscope, microscopic slide, an analytical balance, 
guide plate (2 by 4| inches), staining jars, stain, xylol, alcohol, 
etc., should be available. 

Preparation of ice cream film 

The ice cream film, to be representative, should be made from 
a thoroughly mixed sample. Slides used in this work should be 
exceptionally clean if the best results are to be obtained. The 
slides are placed on the balance and counterpoised; 0.01 gram 
of ice cream is then weighed upon each end of the slide as quickly 
as possible in order to reduce the error due to evaporation. A 
platinum loop has been found to work very well for putting the 
ice cream on the slide. The 0.01 gram of ice cream is then spread 
uniformly over an area of 1 square centimeter, using a clean needle. 

* Fabian, F. W. A bacteriological study of the homogenization process in 
making ice cream. Jour. Dairy Sci., 8:24S-269 (1925). 
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This area may be conveniently measured by placing the slide 
upon the guide plate or any surface ruled in square centimeter 
areas. After the film is spread, the slide should be placed upon 
a warm surface for drying. The drying should not be too rapid 
for this may crack the film and cause it to peel from the slide. 
However, the drying should be completed quickly (within ten 
minutes) or growth may take place. 

After the film has been prepared as above described, the slides 
are ready for the staining process. They are first dipped in xylol 
or other suitable fat solvent for five minutes to remove the fat. 
Longer exposure is necessary for ice cream than for milk, due to 
the larger amount of fat present. The xylol is then drained off 
and the slide again placed on a warm surface to evaporate the 
remainder of the xylol. The slides are next immersed in 70 to 
95 per cent grain or denatured alcohol for about twenty minutes. 
The alcohol is poured off and the slide again placed on a warm 
surface. The film is then stained thirty seconds with Loeffiers 
methylene blue, prepared as follows: saturated alcoholic solution 
of methylene blue, 30 cc., caustic potash (0.01 per cent solution), 
100 cc. Care should be taken in selecting the methylene blue. 
Fresh preparations of the stain from a satisfactory source should 
be used. 

The film is then ready to be decolorized. This may be done by 
first draining off the excess stain, and placing the slide in 70 to 
95 per cent alcohol. The length of time it should remain in the 
alcohol is a matter of judgment and experience; usually dipping 
the slide in and out once or twice is sufficient. In case the de- 
colorization is carried too far, the preparation may be re-stained 
without apparent injury. The film should be warmed again after 
it has been decolorized; this seems to be necessary for best results. 

In routine practice staining jars may be used to good advantage. 
Place four jars in a row, containing xylol, 95 per cent alcohol, 
Loeffler’s methylene blue, and 95 per cent alcohol, respectively. 
The preparation of four slides may be started and carried through 
the whole procedure at the same time, and these followed by four 
more, thus saving considerable time. 
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Standardizing the microscope 

In order to obtain quantitative data the size of the microscopic 
field must be known. The only equipment necessary for stand¬ 
ardization of the microscopic field is a stage micrometer ruled 
in hundredths of a millimeter, and a suitable ocular (6.4 X gives 
approximately the field desired). A mechanical stage is not 
necessary but very convenient for this work. 

The diameter of the microscopic field should be adjusted to 
0.205 mm., by focusing the microscope on the graduations of the 
stage micrometer, and adjusting the draw tube so that the de¬ 
sired diameter is obtained. Each field will then cover an area 
of g J 2ft square centimeter („ 0 ' 00 square centimeter is the ap¬ 
proximate figure and the one generally used). When this ad¬ 
justment is made, then about g00 )„ 00 part of a gram of the dried 
ice cream is visible in one microscopic field. The number of 
bacteria found in each field, therefore, should be multiplied by 
300,000 to give the estimated number of bacteria per gram. Ob¬ 
viously, more than a single field should be counted, and the 
average number per field used in the calculation. For routine 
work at least twenty-five representative fields should be counted 
for each sample of ice cream. 

A special ocular micrometer with a circular ruling divided into 
quadrants should be used for counting ice cream containing few 
bacteria. With this micrometer, adjust the microscope so that 
the diameter of the circle on the eye-piece is 0.146 mm. This 
changes the value of each field examined to #00 ? 0() o P ar t of a 
gram, and the number of bacteria found in each field should be 
multiplied by 600,000 to give the estimated number of bacteria 
per gram. This method has the added advantage of examining 
only the center of the field where definition is good. 

Significance of the microscopic count 

No bacterial standard, based on this method, has been worked 
out for ice cream. However, it is felt that the method gives cer¬ 
tain data as to the type of bacteria present that can be obtained 
best in this wqy. 
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This method, like all known methods for determining numbers 
of bacteria, should be regarded as giving an estimate only. Er¬ 
rors due to evaporation during weighing, inaccuracies in weigh¬ 
ing such small amounts of ice cream, faulty staining, uneven 
spreading of the ice cream, counting objects that resemble bac¬ 
teria, or failing to see bacteria that are present, are all possible 
sources of error. While these limitations are recognized as im¬ 
portant, yet it is felt that they may be sufficiently overcome 
to make this method a valuable adjunct in determining the quality 
of unpasteurized ice cream. 

The microscopic preparations of ice cream are more pitted 
than with milk, due to the large per cent of fat present. 

Where the ice cream mix has been pasteurized, the presence 
of large numbers of dead bacteria makes the microscopic count 
unreliable for determining the quality of ice cream. However, 
it is especially advantageous for certain types of work, such as 
studying the breaking up of bacterial clumps after homogenizing 
or freezing. 

METHODS OF CONTROLLING THE SANITARY QUALITY OF ICE CREAM 

Methods of sterilization* of the utensils and equipment 

The sterilization of utensils and equipment is just as necessary 
in an ice cream plant as in a market milk plant, a creamery or a 
condensery. In general, sterilization should be accomplished 
with heat rather than with chemicals. After thorough washing, 
the utensils should be treated with steam or hot water. Drying 
is necessary if bacterial growth is to be prevented and this may be 
accomplished with driers or by such thorough heating with 
steam or hot water that the moisture remaining after careful 
draining will be evaporated. 

All piping should be of the sanitary type and should be taken 
down and thoroughly washed, steamed or scalded, and dried each 
time it is used. The vats employed for mixing or holding should 
be given just as careful attention as the small containers. Ho- 

4 The term sterilization, as used in this case, refers to practical sterility and not 
absolute sterility. 
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mogenizers and similar machines are very difficult to keep in 
a sanitary condition and may be important sources of contam¬ 
ination unless considerable attention is given to them. These 
machines should be thoroughly washed so that there will be as 
much drying as possible. Before using, it may be advisable to 
run hot water through the machine for several minutes in an 
attempt to remove or destroy the organisms that may have de¬ 
veloped in the machine since it was cleaned. Surface coolers 
need careful attention and preferably should be steamed or 
scalded just before using. 

Freezers present a difficult problem in sterilizing with steam 
because the low temperature at which they are operated neces¬ 
sitates slow and gradual warming before the steam is admitted. 
The freezer should either be allowed to stand an hour after wash¬ 
ing and before using hot water and steam, or rinsed three or four 
times with gradually increasing temperatures of the successive 
rinse waters. If the temperature is gradually increased in this 
manner, the machine will not be injured by the introduction of 
steam. 

Cans, vats, freezers, etc., which are to be dried by the heat 
in the metal, should be so left that the water vapor can readily 
escape. When the drying is complete such equipment may be 
closed to prevent air contamination, although this source of con¬ 
tamination is not usually serious in a plant where there is con¬ 
siderable moisture about. 

The use of chemical disinfectants 

Chlor ami ne and hypochlorite disinfectants are frequently used 
in ice cream plants, especially in the sterilization of freezers. In 
some plants large volumes of disinfectant are pumped through 
the entire system. This gives satisfactory results, especially if 
used in conjunction with steam. Intelligent use of chemical dis¬ 
infectants necessitates extreme care in the preparation and use of 
fresh solutions, in order to insure a high available chlorine content. 

A home made sodium hypochlorite disinfectant may be made 
according to the following directions. Add enough warm water 
to 10 pounds of fresh chloride of lime (bleaching powder) to make 
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a moist paste. After this is done add the remainder of 3 gallons 
of warm water (not over 120°F). Break up all the lumps in the 
lime and strain the solution through screen wire. Dissolve 16 
pounds of washing soda (sodium carbonate) in 3 gallons of warm 
water, and add this solution to the chloride of lime solution in a 
10-gallon stone jar (do not use metal container). Allow the 
mixture to stand about twelve hours, stirring two or three times 
at intervals. Draw off the clear supernatant liquid into gallon 
earthenware jugs, keeping the liquid as clear as possible and free 
from the insoluble residue. Discard the residue. The stock 
disinfectant solution thus obtained will keep a long time if the 
jugs are tightly stoppered. 

For disinfecting freezers, pipe lines, pumps, cans, and other 
equipment, use a dilution of 1 part stock solution to 100 parts of 
water. Make a new dilution of the disinfectant each day. It is 
important that all equipment should be thoroughly cleaned and 
brushed before the disinfectant is used. Allow the disinfectant 
to act about three minutes to secure the best results. Where 
steam is used in addition to the disinfectant, use the disinfectant 
before using the steam. 

Importance of quality of ingredients 

The bacteriological condition of certain of the ingredients* 
employed has a direct relationship to the bacterial content of ice 
cream, both when they are pasteurized and when they are not. 
In general, the dairy products used in ice cream are the most im¬ 
portant sources of bacteria. The quality of the cream and milk 
used in the mix is a very important consideration in controlling 
the number of bacteria in the mix. 

All dairy products used in the mix should be as fresh as it is 
possible to obtain them. Both natural and re-constituted 
cream vary a great deal in bacterial content even after they are 
heated. Bulk condensed milk may be an important source of 
organisms, especially when it is held without refrigeration, as may 
be the case during transportation. 

* Olson, N. E., and A. C. Fay. The bacterial content of ioe cream. Jour. 
Dairy Sci., 8:415-444 (1925). 
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Gelatin varies a great deal in bacterial content, although there 
apparently has been a big decrease during recent years in the num¬ 
ber of organisms present in this product, due presumably to im¬ 
proved methods of manufacture. In many cases the heating 
incident to dissolving the gelatin destroys a great majority of the 
organisms so that the contamination from gelatin may be much 
less than the original bacterial content of the product would indi¬ 
cate. The small amount of gelatin ordinarily used also tends 
to make this product responsible for only a small per cent of the 
organisms in the finished ice cream. In some instances, however, 
a high bacterial content is accompanied by an objectionable odor 
and poor gelatinizing properties. 

Sugar which is properly protected from dust and dirt ordi¬ 
narily contains only small numbers of organisms, and is usually 
insignificant as a source of bacteria in ice cream. 

Vanilla extract usually contains only a small number of bac¬ 
teria, due, in part at least, to the alcohol content. 

Importance of plant sanitation 

Sanitary conditions are just as desirable in plants in which ice 
cream is manufactured as in factories handling other food prod¬ 
ucts. Floors, walls, and ceilings which are easily cleaned and 
impervious to water, an abundance of sunlight, good air condi¬ 
tions, etc., are important considerations when a plant is being 
built. In the operation of the plant, advantage should be taken 
of those factors and the plant kept in a clean condition. While 
proper sterilization of utensils and equipment are undoubtedly 
more important from the standpoint of the bacterial content of the 
ice cream than the condition of the plant, a clean, well lighted and 
well ventilated establishment suggests careful methods to the 
employees, and establishes confidence among the consumers. 

Importance of cleanliness of operators 

Cleanliness of the operators is an important factor in the hand¬ 
ling of all food products. If the operators are careless in their 
personal habits, in the cleaning of equipment, etc., an influence 
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on the bacterial content of the ice cream is to be expected. Most 
diseases of human beings are of human origin, so that personal 
contact in the manufacture of any food should always be avoided 
whenever possible. Dirty clothing may be a source from which 
dust and dirt get into the ice cream, and, moreover, suggests 
carelessness to both the operator and visitors. The possibility of 
pathogenic organisms coming from the mouth, nose, hands, etc., 
makes careful habits among the employees very necessary. 

Routine samples which should be taken to discover the cause of high 

bacterial counts 

High bacterial counts from ice cream indicate that something 
is wrong, either with the quality of the raw materials or with the 
methods of manufacture, and, accordingly, the immediate cause 
should be located at once. The bacterial content of the various 
raw materials used, especially those which are likely to undergo 
bacterial changes, should be determined. These should be ex¬ 
amined in the condition in which they are used and not in the 
condition in which they are received. The bacterial content of 
the mix before pasteurization should be determined first, and if 
this is found to be satisfactory, the analysis of the individual raw 
material may not be necessary. If the mix is held or aged, counts 
should be made after storage as well as before. Serious contam¬ 
ination from a piece of equipment can be detected by examining 
the material before and after it passes through this equipment. 
With certain machines, for example the homogenizer, the first 
material through is likely to be much more seriously contamin¬ 
ated than the material going through later. The tendency of 
such machines as the homogenizer and the freezer to cause an 
apparent increase in the bacterial content, due to the breaking 
up of the clumps of bacteria, must be taken into account in 
studying their influence on the bacterial count. 

It is frequently advisable to take samples of the finished prod¬ 
uct just before it leaves the plant, and also after it has been held 
in the retailer’s cabinet. Alternate thawing and freezing of ice 
cream, due to inefficient refrigeration should always be avoided. 
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Interpretative value of bacterial numbers 

The total numbers of bacteria in dairy products have been used 
as an index to the sanitary quality for many years. The use of 
this index is based on the assumption that the conditions which 
favor the admission and growth of bacteria are not in keeping 
with the commonly accepted ideas of the manner in which dairy 
products should be handled. The factors which cause large 
numbers of bacteria in ice cream are, poor quality of ingredients, 
inefficient pasteurization, insanitary equipment, improper aging 
conditions, and sloven, careless methods of the employees. That 
is to say, ice cream with a high bacterial content has been ne¬ 
glected in one or more of the above factors. It is possible, how¬ 
ever, that ice cream with a low bacterial content may have been 
made from poor quality ingredients, and that fact masked by 
pasteurizing at a high temperature. The most serious difficulty 
with the index value of bacterial numbers is the unavoidable high 
per cent of error in the count in any method of estimation yet 
devised. This fact should always be borne in mind in using the 
results as indexes to insanitary conditions. If used by inspectors 
or officials the results should only be interpreted as a guide to the 
plants needing attention and not as an infallible index of insani¬ 
tary conditions. 

To the plant operator, high bacterial counts should indicate 
that there is something wrong with the methods, or the quality 
of the ingredients. If detailed inspection of the plant does not 
reveal to him the cause of high counts, it will be necessary to 
take routine samples of the manufacturing process to locate the 
trouble. 

High bacterial counts should not be construed by the inspector 
to mean that the plant is insanitary or that the product is neces¬ 
sarily unsafe, but rather that there is something faulty about the 
plant methods which can be revealed only by more detailed in¬ 
spection. On the other hand, ice cream having a low bacterial 
count should not be regarded as above reproach from a sanitary 
point of view, due to the possibility of masking the poor quality 
of ingredients by the use of high temperature or long time of 
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pasteurization. It is always advisable to combine inspection 
with laboratory findings in order to draw conclusions from the 
results. 

Excessive numbers of bacteria in ice cream are significant 
largely through the faulty methods which their presence reveals, 
and not because excessive numbers of bacteria indicate the pres¬ 
ence of dangerous disease germs. At best, the bacterial count 
can be used only as an aid to the inspector and not as a substitute 
for inspection. 

The views expressed in this report are the views of a committee 
appointed by the American Dairy Science Association. As such 
they are printed for the general criticism of other members of the 
A. D. S. A., and any other interested parties. 

Separate copies of this report may be secured at cost from the 
Chairman of the Committee on Bacteriological Methods. 

Sub-Committee on Bacteriological Methods 
of Examining Ice Cream: 

A. C. Fay, Chairman , 

F. W. Fabian, 

B. W. Hammer. 

Committee on Bacteriological Methods: 

R. S. Breed, Chairman. 



A COMPARISON OF GUERNSEY SIRES 

III. BASED UPON THE AVERAGE PERSISTENCY OF FAT SECRE¬ 
TION DURING THE LACTATION OF THE DAUGHTERS* 

C. W. TURNER 

Department of Dairy Husbandry, University of Missouri, Columbia, Missouri 

During the past few years, a number of studies have been made 
of the changes in the rate of secretion of milk and fat during the 
lactation. It has been found that many factors which may be 
considered environmental or physiological, influence the shape of 
the curves of secretion. These factors include season, nutrition, 
pregnancy, age and frequency of milking. There are undoubt¬ 
edly many others which fall into this class. 

Another important cause of variation in the shape of the lac¬ 
tation curve is due to the inheritance of the animal. Exactly 
what part of a cow’s milk and fat production is due to environ¬ 
mental factors and what part due to inheritance is difficult to 
determine. The view is held that faulty nutrition and manage¬ 
ment may lower production but that it is impossible to increase 
production above the limit set by inheritance (1). 

As yearly or lactational milk yield is a very complicated proc¬ 
ess, it was thought that a step in the analysis of the compli¬ 
cated mechanism of the inheritance of milk and fat secretion 
might be made by separating the principal parts of the curve of 
lactational milk secretion and by studying each part separately. 

THE SHAPE OF THE CURVE OF MILK SECRETION 

a. The rising segment 

The first segment of the curve of milk secretion is a period of 
increasing production. The length of time included varies con¬ 
siderably,—ranging from ten to forty or fifty days. It has been 
shown (2) that the rising segment of the curve of milk secretion 

* Received for publication March 11, 1927. 
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may be represented by the equation of a monomolecular chemical 
change of the form. 

M = B (l - e " ku ) 

in which M is the milk flow at the time t and k 2 is the character¬ 
istic constant of decline in the rate of the rise in the curve of milk 
secretion. As seen in figure 1 the rise in milk secretion becomes 
less and less as it approaches the maximum and the decline in this 
rise is exponential. It is assumed that the rise of milk secretion 
after parturition is due to a limiting chemical reaction. 

Recently Gaines and Davidson (3) have suggested that there is 
formed during pregnancy a hormone which inhibits milk secre¬ 
tion and causes the observed decline in lactation as pregnancy ad¬ 
vances. It is further assumed that the production of the inhibi¬ 
tor ceases at parturition and that the amount then present in the 
circulation is destroyed or eliminated at a rate proportional to its 
concentration at the moment. This would account for the de¬ 
cline in the increase in milk secretion being exponential. 

Data obtained by Asdell (4) indicates that an inhibitory hor¬ 
mone is unnecessary to postulate which defers lactation until the 
fetus is withdrawn by parturition. It was found by milking 
pregnant first calf heifers that there was a change in consistency 
of the secretion obtained and a gradual increase in amount be¬ 
ginning about half way through pregnancy. Pregnancy or 
changes accompanying pregnancy are therefore, believed to cause 
the production of a hormone which stimulates mammary tissue 
growth and milk secretion. (See reference & for further informa¬ 
tion as to the possible sources of this hormone.) In other words, 
it has been proven experimentally that milk secretion is actually 
stimulated during the latter part of pregnancy while an inhibitor 
to lactation has not been demonstrated. 

It should not be inferred from this that milk secretion is actually 
increased during the latter part of pregnancy for it has been 
clearly shown that there is more rapid decline in milk yield dur¬ 
ing that period. The observed decline in milk yield of pregnant 
cows in the presence of a stimulation to mammary development 
and secretion in immature animals is believed to be caused by the 
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increasingly large requirement of the fetus for nutrients, maskin g 
the stimulation observed in the latter part of pregnancy of pre¬ 
viously non-lactating cows. 

In a late paper Gaines (5) presented a study of 1676 Guernsey 
records in which k, the persistency constant, was determined for 
each individual record. It was found that of this number 83 or 
5.41 per cent of the lactation curves, the values for k indicated an 
increasing production for nine or ten months. From this Gaines 
concludes that some modification of the simple monomolecular 
interpretation is necessary. He states further that “the group 
behavior of these ascending records is not in good conformity with 
the equation type, being somewhat aberrant at the start and 
finish.” 

It is hardly to be expected that an equation which is intended 
to describe only the rate of decline after the time of maximum 
secretion would describe the ascending curve which, in the cases 
he describes, continues longer than that normally observed. In 
other words, he has fitted an equation of the type (2) 

M, = M 0 e~ kt 

to data when it clearly calls for an equation of the type (1) 

M = B (l — e~ u ) 

b. The period of maximum production 

The rising segment of the milk secretion curve finally blends 
into a period when secretion is at a maximum for the lactation. 
This may be a single day, or there may be a number of days dur¬ 
ing which a maximum flow of milk may be attained. As the yield 
of milk and fat are calculated by months, it is convenient to con¬ 
sider the month of maximum production in dealing with ad¬ 
vanced registry data. 


c. The declining segment 

After the period of maximum milk secretion, the curve of pro¬ 
duction declines following an exponential law (7). This law may 
be stated for our purpose as follows: When all other conditions 
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are uniform, the monthly milk or fat production during the lacta¬ 
tion period, after the maximum is passed, is a constant percentage 
of the preceding month’s production. This relation may be ex¬ 
pressed mathematically by the equation (2) 

M, - M. e~ kt 

where Af< is the milk produced during any month of the lactation 
period t. M, is the initial theoretical production, k the persist¬ 
ency constant and e the base of natural logarithms (8). 

It is apparent from the preceding discussion that total yearly 
or lactation milk yield is dependent upon the numerical value of 



Fig. 1 . The Initial Rise and Subsequent Decline op Butterfat Secretion 
with the Advance op the Period of Lactation op Guernsey Cows 

the constant of decline of the rising segment, the maximum, and 
the constant of decline after the period of maximum production. 
Of these, the height of the maximum and the persistency of de¬ 
cline are of greatest importance in their influence on the lactation 
yield. An exception should be made to those lactations which 
continue to rise for an extended period (nine or ten months) found 
by Gaines. 

INFLUENCE OF INHERITANCE ON MILK SECRETION CURVE 

With quantitative measures of the chief characteristics of the 
lactation milk secretion curve, it is possible to study the influence 
of inheritance with greater precision. In a previous paper data 
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were presented on the variation in maximum monthly fat pro¬ 
duction of Guernsey Advanced Registry Cows (9). The com¬ 
parison of the average progeny performance of Guernsey sires 
with that of the daughter’s dams was also given. It is the object 
of this paper to make a similar study of the persistency of fat 
secretion during the declining period of the lactation of the same 
yearly records. 

PERSISTENCY OF MILK AND FAT SECRETION 

The importance of the characteristic of persistent secretion of 
milk and fat has not been realized as fully as it should considering 
its influence upon total yield. In the Holstein Friesian breed, the 
seven-day and thirty-day tests are still in wide use in the selection 
of breeding stock although they measure only the maximum pro¬ 
duction of the cow. The lack of appreciation of this character 
may be due in part to the fact that there is little in the external 
conformation of the cow to indicate the presence of this character. 
Even with a lactation milk record it has been difficult to determine 
with any exactness the degree of persistency of a cow. Without 
a quantitative measure of persistency, study of the inheritance of 
the character has been difficult. 

Sanders (10) of Cambridge, in studying the shape of the lacta¬ 
tion curve of English milk records, has determined what he calls 
the shape figure (S. F.) of the cow’s lactation. The shape figure is 
the ratio of the total lactation yield to the maximum daily yield. 
This ratio is actually a measure of persistency rather than a 
numerical value for the entire shape of the lactation curve. Data 
were also presented showing the variation in the shape figure due 
to variations in service period, age, dry period, and feeding. It 
is concluded that the “lactation curve depends partly on a genetic 
characteristic of the cow.” 

McCandlish (11) of the Iowa Station in comparing the rate of 
decline of milk of the cows in the grading-up experiment has de¬ 
termined the persistency in terms of the percentage of the first 
month’s production. By plotting these percentages, the differ¬ 
ence in persistency can be noted although no numerical value is 
attainable. By this method it was shown that the scrub cows 
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decline most rapidly in milk and fat secretion, indicating a decided 
lack of persistency, the first cross showed further improvement, 
and the second cross still further increase in persistency. In 
fact, the second cross is somewhat better in this respect than were 
all the pure bred cows when grouped together. 

Cole (12) of the Wisconsin Station in reporting on the results of 
the Angus-Jersey cross stated that “the meagre records at hand 
indicate a milk production of the cross-breds, intermediate be¬ 
tween that of the two original breeds, but with high production 
tending to be dominant. The higher production of the Jersey is 
due to both a greater milk flow and a more sustained lactation 
period. In both these characteristics the cross-breds resembled 
more nearly the Jersey.” 


QUANTITATIVE MEASURES OF PERSISTENCY 

In order to study the inheritance of the character of persistency, 
two methods were devised which furnish quantitative measures 
of the declining segment of the milk secretion curve. They have 
already been described (13). A brief discussion of the methods 
follow: 

At any given level of maximum milk or fat secretion, the cause 
of variation in total yield of milk or fat is due to variations in the 
rate of decline or persistency of secretion. In other words, if 
two cows each produce 60 pounds of fat during their maximum 
month and one cow produces 500 pounds of fat during the year 
and the other only 400 pounds of fat, it is quite obvious that the 
fat production of the first cow declined at a slower rate and, there¬ 
fore, was more persistent. 

The relation of maximum production to total production 
should, therefore, give an indication of the persistency of milk 
secretion during the lactation period. This may be illustrated as 
follows: If the total yearly production of a cow were 600 pounds 
of fat and the fat production during the maximum month were 

50 pounds, then the ratio — would be 12. The ratio 12 indi¬ 
cates that each month’s production was 50 pounds, on the aver¬ 
age, and that the cow was 100 per cent persistent. The relation 



TABLE 1 


Relation of per cent of persistency to the persistency ratio 


TBB CUNT OF PERSISTENCY 

„ _ TOTAL PRODUCTION 

RATIO OF - 

MAXIMUM PRODUCTION 

100 

12 0 

99 

11.4 

98 

10.9 

97 

10.5 

96 

10 0 

95 

9.6 

94 

9 2 

93 

8 8 

92 

8 4 

91 

8 1 

90 

7 8 

89 

7 5 

88 

7 2 

87 

6 9 

86 

6 6 

85 

6 4 


TABLE 2 


Range of persistency of fat secretion of Guernsey cows 


PERSISTENCY RATIO 

TOTAL YEARLY FAT 

MAXIMUM MONTHLY FAT 

CLAftS INTERVAL 

NUMBER OF COWS, 
FREQUENCY 

PERCENTAGE 

DISTRIBUTION 

CORRESPONDING 

PERCENTAGE 

OF PERSISTENCY 

5 0 to 5 4 

4 

0 11 


5.5 to 5 9 

3 

0 08 


6 0 to 6.4 

8 

0 21 


6 5 to 6.9 

26 

0.68 

86.3 

7.0 to 7 4 

112 

2 94 

88 1 

7.5 to 7 9 

221 

5.81 

89 9 

8 0 to 8 4 

346 

9.09 

91 3 

8 5 to 8.9 

486 

12 76 

92 7 

9.0 to 9.4 

649 

17.05 

94 2 

9.5 to 9 9 

658 

17 28 

95 3 

10 0 to 10 4 

692 

18.18 

96 5 

10 5 to 10 9 

472 

12 40 

97.7 

11.0 to 11.4 

120 

3.15 

98 6 

11.5 to 11.9 

9 

0.24 

99 5 


3,806 




Statistical constants: 

Mean persistency ratio. 9.392 =t 0.0115 

Standard Deviation. 1 • 033 =t 0.00081 

Co-efficient of variation.10.99 =fe 0.0849 
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between other percentages of persistency and the ratio of total 
production to maximum production is given in table 1. 

To gain an idea of the variation in persistency of Guernsey 
cows on Advanced Registry test, table 2 is presented. It is much 
greater than one might expect. The greatest frequency is with¬ 
in the range of 10.0 to 10.4 ratio of persistency. This is equiva¬ 
lent to about 96.6 per cent of persistency. However, over 100 
animals were found to come within the 7.0 to 7.4 ratio class at one 
extreme and 11.0 to 11.4 ratio at the other. With cows producing 
50 pounds of fat during the maximum month this means varia¬ 
tion in yearly production of 350 to 550 pounds of fat. 

THE CAUSES OF PERSISTENCY 

Why do cows vary in the rate of decline of milk secretion even 
when producing the same yield of milk during the period of maxi¬ 
mum production and under similar conditions of feeding and 
management? Even though it is a heritable characteristic, its 
physiological basis is of extreme interest. A number of theories 
may be advanced simply to point out the character of the problem 
being considered rather than with the idea of drawing any con¬ 
clusions. 

The similarity of the declining curve of milk secretion to the 
rate of change of certain chemical reactions has already been 
pointed out (8). Milk secretion even though a very compli¬ 
cated physico-chemical process might follow a simple chemical 
law if governed by the slowest process involved. 

As the stimulus for the growth of the mammary gland and the 
secretion of milk has been quite definitely proven to be in the 
nature of a hormone, it appears that the decline in secretion may 
be due to a decline in the amount of hormone produced during the 
course of the lactation periods or to the gradual use of a supply 
stored in the body during pregnancy. Another possible cause of 
decline in milk secretion may be a general decline in the activity of 
the cells of the mammary gland or the inactivation of a progres¬ 
sively increasing number of the cells during the course of the lac¬ 
tation period. The fact that frequent milking prolongs lacta¬ 
tion and irregular milking tends to cause a more rapid decline in 
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milk flow might be taken to indicate that the cells become inac¬ 
tive because of back pressure in the gland. 

Whatever the cause of persistency may be, it appears obvious 
that it has an important influence on lactation milk yield and is a 
very desirable characteristic to maintain in dairy cattle. 

RELATION OF PERSISTENCY OF SECRETION TO CONFORMATION OF 

DAIRY COW 

As persistency of milk secretion has a profound influence on 
total yearly production it is of interest to point out its relation to 
the conformation of the cow. Are there any physical indications 
in the conformation of the cow by which her persistency of secre¬ 
tion may be noted? If there are none, it would appear that con¬ 
formation will never be found to indicate production closely. 

The best indication of persistency of secretion in the appear¬ 
ance of the dairy cow may be what the judges of dairy cattle call 
“dairy temperament.” The condition of the lean angular cow 
may be the result of lack of sufficient feed as well as the stimula¬ 
tion to continued production. This phase of the question is 
deserving of further attention of workers attempting to correlate 
type or conformation and yearly production. 

COMPARISON OF GUERNSEY SIRES ON BASIS OF DAUGHTER'S AVER¬ 
AGE PERSISTENCY RATIO 

The records of fat production of the daughters of each Guern¬ 
sey sire were studied to determine the persistency of fat secretion 
as indicated by the ratio of the fat production during the best 
(maximum) month to the total fat production. This ratio was 
compared with that obtained in a similar way from the dams yearly 
fat record wherever available. No correction has been made 
for age or for length of pregnancy. Since completing the tabu¬ 
lation of this data a study was made of the influence of age on 
persistency. It was found that as animals grow older they de¬ 
cline slightly in persistency of milk secretion (6). 

While pregnancy affects the persistency of secretion, it is not 
possible to make a correction by the method employed to deter- 
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mine persistency. The data may, therefore, be criticized from 
this standpoint. It is not believed that the total effect of these 
factors, however, would greatly alter the results (3). 

An examination of table 3 will reveal the fact that large max¬ 
imum production of fat is not necessarily associated with per¬ 
sistent production. This indicates the necessity, not only of de¬ 
termining that a sire is producing daughters possessing the 
ability to produce large quantities of milk and fat during a short 
time but that it is equally important that the daughters possess 
the ability to maintain that production at a high level for a long 
period. 

The maximum and the persistency secretion of the dams of the 
daughters is also presented for each sire. Two comparisons are 
possible in this connection; first, the average maximum production 
of dams and daughters; second, the average persistency of se¬ 
cretion of the dams and daughters. The first comparison has 
previously been discussed (9). The second will be analyzed here. 

COMPARISON OF THE PERSISTENCY OP SECRETION OP THE DAMS 

AND DAUGHTERS 

In order to determine the relation between the persistency of 
secretion of the dams and daughters, the following method was 
used. The dams and daughters persistency ratios were com¬ 
pared within groups of sires having similar daughter averages. 
This method was employed in order to make fairly constant the 
influence of the sires. Within each group of sires the average 
ratio of the daughters by dams with persistency ratios gradually 
increasing was determined. The increase in the ratio of the 
daughters for each unit increase in ratio of the dams was taken 
to indicate the supplementing effect of the dam on the daughter. 
The results are shown in tables 4 and 5. It is apparent from an 
examination of the tables that there is little increase in the 
daughters persistency with an increase in the dams persistency. 

Straight line equations were fitted to the observed values of 
the form D «* a + bd in which D is the average persistency of the 
daughters, d the persistency of the dam, and b the constant change 
in persistency of the daughters for each unit of increase in the 
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persistency of the dams above a, the average potential trans¬ 
mitting ability of the sires in the group. 

The values obtained for b in each sire class indicate the supple¬ 
menting effect of the dam on the daughters persistency. The 
limited numbers of comparisons causes considerable fluctuation 
but it is obvious that the positive effect of the dams persistency 
on the daughters persistency of secretion is, on the average very 
low. 

It was pointed out in the previous paper in this series that 
assuming dominance as the dams increase in homozygosity for 
the factors concerned, the greater will be the relation between her 
producing ability and her transmitting ability. As there has been 
little selection on the part of breeders for increased persistency of 


TABLE 4 


CLASS OF SIRES 

CONSTANTS 

Sire's daughter's persistency ratio 


above: 10.5. 

a = 11 59, b = -0 100 

10.00-10.49. 

a = 9 35, b « +0.081 

9.75- 9 99. 

a = 9.63, b = +0.030 

9.50- 9.74. 

a = 10 20, b = -0 065 

9.25- 9.49. r . 

a = 8.56, b - +0 099 

9 00- 9.24. 

a = 8 66, b = +0 055 

8 50- 8 99. 

a = 9.23, b = -0.033 

8.00- 8 49. 

a = 8.72, b = -0.046 


their animals might not the results obtained be explained by the 
extreme heterzygosity of the dams for persistency. It is apparent 
that the persistency of the dam as measured by her record of pro¬ 
duction does not supplement the sires potential transmitting 
ability for persistency. In other words the phenotype of the 
dam is not a satisfactory measure of her genotype. 

As a genetic interpretation of the results of this and previous 
studies of the mode of inheritance of milk and fat secretion is 
being made in connection with a study of the progeny perform¬ 
ance of Jersey sires and dams which is being submitted for publi¬ 
cation to the Missouri Agricultural Experiment Station, the 
theoretical aspects of the problem will not be discussed in the 
present paper. 
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SIRES WITH 
DAUGHTERS 
PERSISTENCY 
RATIO ABOVE 

10.5 

Daugh¬ 

ter 

aver¬ 

age 

ratio 

9 81 
11 14 
10 33 
10 66 
10.62 
10 88 
10.43 
10.55 
10.72 

Pairs 

hhM^OOiOOO^^ 

SIRES WITH 
DAUGHTERS 
PERSISTENCY 
RATIO 
BETWEEN 

10.0-10 49 

. 

Daugh¬ 

ter 

aver¬ 

age 

ratio 

9 09 
10 30 
10 00 
10 02 
10 19 
10 10 
10 08 
10 18 
10.40 

Pairs 

COOhQONWOOOM 
h M ^ >0 f>l h 

8IRE3 WITH 
DAUGHTERS 
PERSISTENCY 
RATIO 

BETWEEN 

9 75-9 99 

Daugh¬ 

ter 

aver¬ 

age 

ratio 

©©01000000 N03 

0)0)00000001 

Pairs 

10 S 8 S§ § S S 3 ® 

SIRES WITH 
DAUGHTERS 
PERSISTENCY 
RATIO 
BETWEEN 

9.50-9.74 

Daugh¬ 

ter 

aver¬ 

age 

ratio 

9.99 

9 69 

9 32 

9 71 

9 58 

9 55 
9.68 

9 38 
9.90 

Pairs 

O)WhhQW5W00K5 
<M tF CP *0 TCO 

SIRES WITH 
DAUGHTERS 
PERSISTENCY 
RATIO 
BETWEEN 

9.25-9 49 

Daugh¬ 

ter 

aver¬ 

age 

ratio 

8.85 

9.26 

9 73 

9 53 

9 53 

9 39 

9 49 
9.53 

10 00 

Pairs 

i(JPJ©iO»OOOhO 

S1BES WITH 
DAUGHTERS 
PERSISTENCY 
RATIO 
BETWEEN 

9.00-9.24 

Daugh¬ 

ter 

aver¬ 

age 

ratio 

9 29 
9.03 
8.92 
9.15 
9.18 
9.17 
9.20 
9.28 
8 85 

Pairs 

todcotOfNoo^eo^ 

HCO^OO^WH 

SIRES WITH 
DAUGHTERS 
PERSISTENCY 
RATIO 
BETWEEN 

8.5-8.99 

Daugh¬ 

ter 

aver¬ 

age 

ratio 

9.13 

9 02 

8 78 
9.08 

8 91 

9 08 

8 53 
8.96 

9 23 

Pairs 


Beg " 

Daugh¬ 

ter 

aver¬ 

age 

ratio 

9.03 

7.98 

8 90 
7.52 
8.78 

8 29 
7.76 

Pairs 

1 C o N W l> 50 10 

PN 

IK | 

!fs 

N 

Class 

6.5- 6.9 

7.6- 7.4 

7.5- 7.9 
8.0- 8.4 

8.5- 8.9 
9.0- 9.4 

9.5- 9.9 
10.0-10.4 

10.5- 10.9 
11.0-11.4 
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“VISCOLIZED” MILK AND ITS DETECTION* 


F. J. DOANf 

Department of Dairy Husbandry, Pennsylvania Experiment Station, Slate College 

The practice of separating a portion or all of the cream from 
milk, homogenizing (viscolizing) it, and later remixing it with 
the remaining milk and skimmilk or with skimmilk only as the 
case may be, has been receiving considerable attention. This 
practice causes an increase in the volume of cream rising on the 
bottled milk, the amount of increase depending on several fac¬ 
tors under the control of the processor. 

Recently the process has been declared illegal in Pennsylvania 
and in a test case the court decision was against the vendor of 
the “viscolized pasteurized milk” who was found guilty of “in¬ 
tent to deceive.” 

In order to obtain conclusive evidence of the use of the process 
by a dealer the authorities charged with enforcing the food laws 
have found it necessary actually to see the process in use. This 
is not only inconvenient but may be extremely difficult where 
the user does not wish the fact known. It was on this account 
primarily that the present study was made, the object being 
to develop a means of detecting “viscolized” milk by some simple 
examination of the suspected sample. 

LITERATURE 

While the process used in making the so-called viscolized milk 
with its extended cream layer has only recently been patented, 
and more recently used to any note-worthy extent, it has been 
known, at least in a few plants, for sometime. In fact, the 
writer’s attention was called to it by a milk dealer in 1919. 

* Published by permission of the Director of the Agricultural Experiment 
Station. Contribution from the Department of Dairy Husbandry, The Penn¬ 
sylvania State College. No. 441. Received for publication September 9, 1927. 

t Assistance with the experimental work was given by J. H. Erb and F. E. 
Geyer. 
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Since that time several investigators working with other products 
have pointed out certain aspects of the homogenizing or viscoliz- 
ing process which shed some light on the causes of the cream 
layer extension in “viscolized” milk. 

Mortensen (1) states that homogenization of cream causes 
a decrease in the size of the fat globules and causes them to be 
brought together in large clusters, although curiously enough 
he attributes the increased viscosity to the increased surface of 
the fat rather than to the clusters themselves. 

Everson and Ferris (2), Dahle and Martin (3), Sherwood and 
Smallfield (4), and Reid and Mosely (5) have all called attention 
to the fact that homogenization of cream and ice cream mixes 
causes, not only a subdivision of the fat globules, but also their 
aggregation into clumps or bunches. Most of the workers 
attribute the increased viscosity caused by the process to the 
clumps rather than to a greater surface of the fat although this 
is undoubtedly a minor factor. 

Martin and Combs (6) were perhaps the first to definitely give 
data showing the effect on the volume of the cream layer of 
milk when such milk was made by mixing homogenized cream 
and skimmilk. This is essentially the process for “viscolized” 
milk, although in most cases only a portion of the milk is sepa¬ 
rated to produce cream for homogenization. 

In order to verify these statements and to show whether they 
apply in the case of “viscolized” milk as well as to determine some 
of the factors affecting this homogenization and creaming phe¬ 
nomena, the following experimental work was undertaken. 

EXPERIMENTAL 

Characteristics of the creaming of “ viscolized ” milk 

Fresh, raw, 20 per cent cream was homogenized at 110°F. 
under a pressure of 2000 pounds. This cream was standardized 
to 4 per cent fat with fresh, raw skimmilk and examined under 
the microscope to determine the condition of the fat globules. 
Likewise a sample of the same cream prior to viscolization was 
standardized to 4 per cent fat with a portion of the same skim- 
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milk and examined, as was also a sample of fresh raw whole ™i1k 
of approximately the same fat content. The results of the obser¬ 
vations showed the fat in the first mentioned lot of millr to be 
very finely divided, but gathered together into clumps contain¬ 
ing hundreds of small globules. These clumps were extremely 
numerous, quite large in size and of irregular shape resembling 
flecks of foam. No normal globules were observable. In the 
other two samples the fat globules were practically identical in 
size and appearance, being large, mostly spherical, and individual 
in most cases, although a few clumps were to be seen. These 
clumps, however, in no way resembled the clumps in the sample 
reconstituted from homogenized cream, being composed of large 
globules whose outlines could be clearly seen. They appeared 
more like compact bunches of grapes and the number of globules 
composing them could almost be counted accurately. Usually 
not over a dozen or two individuals composed a clump. 

The three samples of milk were allowed to cream in 250 cc. 
graduated cylinders for twenty-four hours at 50°F. The per¬ 
centages by volume of the risen cream were as follows: 

Per cent 
cream 

1. Homogenized 20 per cent cream standardized with skimmilk to 


4 per cent butterfat.71.2 

2. Unhomogenized 20 per cent cream standardized with skimmilk to 

4 per cent butterfat.12.0 

3. Normal unprocessed whole milk testing 4 per cent butterfat. 12.8 


These data show strikingly the enormous increase in the volume 
occupied by the risen fat in the case of the sample made from the 
homogenized cream. This has been interpreted as being due to 
the looseness of packing of the fat, when in the form of "visco- 
clumps,” as compared with the packing of normal globules under 
the same conditions. That the concentration of the fat in the 
cream layers is much less in "viscolized” milk than in normal 
milk hardly needs proof. However, in the case of the three 
samples mentioned this fact was indirectly ascertained. Samples 
were allowed to cream in graduated separatory funnels under 
the same conditions as obtained for the cylinders mentioned pre¬ 
viously. The volume of cream rising compared closely with 
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the figures given above. The under layer of skimmilk was drawn 
off drop by drop very carefully and analyzed for fat with the 
following results: 

Per cent 


M 

Sample 1. 1.08 

Sample 2. 1.28 

Sample 3.0.99 


Comparatively, there is little difference in the fat test of the 
skimmilk from the different samples. However, sample 1 had 
a volume of risen cream roughly six times as great as that of 
sample 2. The cream in sample 1 must then have been about 
one-sixth as rich in fat. 

It is interesting to note that if there is any significant difference 
in the exhaustiveness of creaming between samples 1 and 2, it 
favors the “viscolized” milk. This may be due to the action of 
the “visco-clumps” which might be expected to carry up with 
them many small individual globules incapable of rising them¬ 
selves. This fact may be a minor factor in the extension of the 
cream layer as well as the looseness of packing. 

Effect of pasteurization 

The three lots of milk under discussion were pasteurized in 
order to determine the effect of pasteurization on the cream 
volume of the “viscolized” milk. The process was carried out 
by immersing the containers in water at 160°F. until a tempera¬ 
ture of 145°F. was attained after which they were held at this 
point for thirty minutes and subsequently cooled to 50°F. and 
held in cylinders for twenty-four hours prior to measuring the 
cream layers. The results were as follows: 

Percent 

cream 


Sample 1.40.0 

Sample 2. 10.8 

Sample 3. 10.5 


Sample 1 was also examined under the microscope and the 
appearance of the fat compared with that in the unpasteurized 
portion. It was found that the “visco-clumps” were not so large 
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and there was apparently a greater proportion of individual small 
globules. These facts would explain the marked decrease in the 
volume of the cream layer. The amount of cream rising how¬ 
ever is still enormous compared with that of normal milk of the 
same fat content. Pasteurization therefore can be practiced 
without destroying entirely the ability of “viscolized” milk to 
produce an enhanced cream layer. 

TABLE 1 


CREAM LAYER 


Series I. Skimmilk plus 

43.0 per cent homogenized cream . 

jter cent 

27 5 

31.5 per cent homogenized cream. 

32 8 

27 0 per cent homogenized cream. . 

43 0 per cent unhomogenized cream. 

35.2 

17 6 

31 5 per cent unhomogenized cream. 

27 0 per cent unhomogenized cream. 

18 0 

18 6 


Series IT. 1.7 per cent whole milk plus 

35.0 per cent homogenized cream. 

15 2 

17.5 per cent homogenized cream. 

36 5 

35.0 per cent unhomogenized cream. 

9 0 


Series III. 2.2 per cent whole milk plus 

35 0 per cent homogenized cream . 

■ 17.8 

17 5 per cent homogenized cream . 

31.6 

35 0 per cent linhnmngenized cream. 

9.8 


Series IV. 2.0 per cent whole milk plus 

35 0 per cent homogenized cream.. . 

20.1 

17 5 per cent homogenized cream,, .... 

37.7 

35 0 per cent un homogenized cream...,. . 

13.2 



The control of the cream layer volume 

Two very simple ways of controlling the volume of cream 
rising on “viscolized” milk are used by the milk dealer making 
the product. One method, and the one usually used, is to 
separate and homogenize enough 20 per cent cream from the lot 
of milk to give the desired result. The greater the amount of 
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cream taken off and processed and subsequently returned, the 
larger will be the volume of cream rising on the bottled milk. 
Another method is to remove a given amount of cream but 
vary the richness thereof. Under this condition the richer the 
cream viscolized the greater the final cream layer volume because 
a greater proportion of the fat will be subjected to the process. 
However peculiarly enough, the cream layer volume does not 
correlate directly with the amount of fat viscolized. This is 
shown by the data in table 1 which was obtained by reconstitut¬ 
ing 4 per cent milk from milk and cream of five different fat 
contents, both homogenized and unhomogenized. 

It is evident from a survey of these data that the factor exer¬ 
cising the greatest influence on the volume of cream rising on 
milk reconstituted to a uniform fat content from homogenized 
creams of various richness is not the amount of fat that waB 
actually exposed to homogenization, since this was the same in 
each case, but curiously enough the amount of cream in which 
a given amount of fat was contained. This would suggest that 
homogenization sets up a structure of some sort among the “vis¬ 
co-clumps” of fat in the cream and that the volume of this struc¬ 
ture depends on the available space at the time of homogeniza¬ 
tion and further that this' structure maintains, to a certain extent, 
its volume upon dilution of the cream with fluid milk or skimmilk. 

The data presented in this paper represent but a small portion 
of that obtained. However the agreement was so close in all 
cases with that submitted that for the sake of brevity and sim¬ 
plicity the rest has been omitted. 

The detection of “viscolized” milk 

Milk exhibiting a deeper cream layer than normal, considering 
the fat content, is to be suspected of being “viscolized” milk. 
It can readily be ascertained whether or not this is the case by 
a very simple microscopic examination. 

The suspected sample is carefully mixed; and, using the head 
of a pin or similar implement, a very small portion is transferred 
to a drop of water previously placed on a cover glass. The 
sample and the water are not mixed. The cover glass is then 
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inverted over u depression slide and viewed under the microscope. 
Instead of mixing the milk a sample of the cream may he taken, 
but in such cases the tendency is to get too much fat in a micro¬ 
scopic field so that globules and clumps are too close together to 
readily distinguish the characteristics of the sample. In cases 
where the mounted sample is to be held for some time, vaseline 


Fit; I Thk Fvr op \ohmu. Milk i xi>ku Low Powi.k M vtiNmr viion (10 X 
Kit: FlKtl-; 10 MM. OlUK('TI\K) 

(1 lobules large and lanlv uniform m size 


may he used bet ween the cover glass and slide to prevent evapora¬ 
tion. A sample of normal milk may he viewed in the same 
manner for comparison although this is unnecessary after a little 
experience is had in knowing what to look for. 

It is a good plan to examine the sample under the low power 
magnification first (10 X eye piece and 10 mm, objective). Nor- 
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mal milk contains fat globules which are round, mostly indi¬ 
vidual, and fairly uniform in size. Dark patches of irregular 
shape and size are to be taken as indications of "visco-clumps” 
which should, however, always be verified under a higher magni- 


Fig. 2. The Fat ok “Viscolizkd” Milk itndek Low I'owkh Magnification 
fit) X Kyk Piece—16 mm. Objective) 

This sample was reconstituted to 4 per cent from 2 per cent partially skimmed, 
whole milk and homogenized 35 per cent cream. 

Fat clumps are plainly evident although the size of globules composing them 
cannot be well judged. Some normal globules from the 2 per cent milk are 
also present. 

fication (4 mm. objective or even the oil immersion in some cases) 
for confirmation. Naturally, “viscolized” milk may also con¬ 
tain normal globules depending on whether only a portion or 
all of the fat was homogenized in the form of cream. Figure 1 
shows the appearance of normal fat globules under low power 
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magnification. Figure 2 shows the appearance of the ‘visco¬ 
clumps” of viscolized milk under the same power. 

In confirming the identification of “viscolized” milk under 
high power magnification special attention is directed to: (1) 
The presence of “visco-clumps” of fat, the appearance of which 
have already been described. (2) The appearance of compara- 



Fi<s. 3. Tin: Fat ok Xohmu. Milk knuek Hiuh Power Magnification (.10 X 
Kn; PiiXK -4 mm. Ohje(TIyk) 

tively large numbers of very small fat globules. Under the high 
power the size of the globules composing the clumps can be 
determined and therefore whether they are normal clumps or 
“visco-clumps.” Even a very few typical “visco-clumps” indi¬ 
cate beyond a doubt that the milk has been treated by homogeni¬ 
zation in such a way as to extend the cream layer. 

Homogenization of whole milk as such not only destroys the 
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cream layer entirely but under operating conditions, at usual 
pressure, does not give rise to “visco-clumps” of fat until the 
concentration of fat in the milk is in excess of about 8 per cent. 
Figure 3 illustrates normal milk under high power magnified- 



Flo. 4. The Fat of Viscolized Milk Magnified as in Figure 3 (10 X Kye 
Piece—4 mm. Objective*) 

This sample is the same as no. 2. The clumps can readily be identified as 
true “visco-clumps” since the size of the globules composing them is infinitely 
smaller than the normal globules also present. 


tion while figure 4 shows the appearance of “viscolized” milk 
under the same conditions. 

In using this method the writer was able to distinguish in all 
cases “viscolized” milk containing as little as 0.5 per cent (by 
volume) of homogenized 35 per cent cream and homogenized 
17.5 per cent cream respectively. This small addition had 
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practically no effect on the volume of risen cream so that it is 
confidently believed that this method of detection will apply in 
all cases. 


SUMMARY 

When fluid milk or cream containing sufficient fat (8 per cent 
or more) is homogenized at a pressure of 2000 to 3000 pounds 
per square inch a peculiar structure in the fat is created. The 
globules are greatly reduced in size and the myriad of small 
globules formed tend to clump together while the clumps them¬ 
selves show a tendency to arrange themselves in such a fashion 
as to occupy the greatest possible space. Such milk or cream, 
will not separate a cream layer. If it be mixed with normal raw 
whole milk or skimmilk, however, a deep cream layer is formed 
on standing. The depth of the layer depends more on the volume 
of the homogenized milk or cream which was mixed with the 
normal skim or whole milk than on the actual amount of fat that 
was homogenized. 

These phenomena make possible the preparation of “viscolized” 
milk, a product which has been and possibly is being sold in 
some localities, either openly or without admission. The process 
produces a greater cream volume on the held bottled milk than 
normal milk of the same fat content, and therefore deceives the 
purchaser who is apt to judge the richness of the product by the 
depth of the “cream line.” 

Pasteurization of such processed milk does not destroy the 
clumped structure of the fat although the clumps are seemingly 
smaller and more individual globules are present. The cream 
layer while considerably diminished in volume by pasteuriza¬ 
tion is still in most cases greater by far than similar normal milk. 

A simple, accurate, means of detecting “viscolized” milk is 
described, the only apparatus needed being a microscope. A 
limited amount of experience, however, in judging the appear¬ 
ance of normal and “viscolized” milk is necessary for highly 
dependable results. 
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A MECHANICAL DEVICE FOR INCREASING THE 
ACCURACY IN THE FEEDING OF HAY TO EX¬ 
PERIMENTAL ANIMALS* 

R. G. CONNELLY and G. C. WHITE 
Storra Agricultural Experiment Station , Connecticut 

The device herein described was developed to facilitate the 
feeding of hay without waste to experimental cows. It arose 
in connection with the silage feeding investigation that was 
begun at Storrs in 1H20. 

In the first five trials the experiments were so conducted that 
the hay consumption was restricted and uniform in amount, 
but as the sixth and seventh trials involved the feeding of hay 
for ad libitum consumption some measure was necessary to 
accomplish this which would at the same time curtail waste 
and assure accuracy. The mangers could not be relied upon 
to prevent an animal from appropriating a portion of its neigh¬ 
bors allowance when the hay is fed liberally. 

Under conditions which provide a completely enclosed manger 
separated from the neighboring mangers, or where there is ample 
space between individuals such a problem does not arise. But 
very often it is found necessary to adapt an experiment to 
ordinary conditions such as were faced here. Probably the 
device herein described will offer suggestions for the solution of 
similar situations in other places, which is our reason for pre¬ 
senting its description. 

The stanchions and mangers in use here are of the usual modem 
arrangement for dairy herds. The mangers are a continuous 
trough in front of the stalls, except for a movable metal partition. 
This partition prevents access by the cows to grain and silage 
but not of bulky hay when liberal quantities are being fed. 

The experimental hay bag made to serve the purpose mentioned 
was constructed from 12-ounce canvas and w T as designed to per- 

* Being an extract from a thesis problem conducted by Mr. Connelly. Re¬ 
ceived for publication August 1, 1927. 
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mit the feeding of large quantities of roughage without appreci¬ 
able loss; to be light and easily manipulated; and to be durable 
enough to withstand the usage commonly associated with dairy 
cattle feeding. It has met these conditions satisfactorily. 

When assembled (see fig. 1) the bag is suspended from two 
H-inch horizontal pipes by 14 gauge wire hooks. The horizontal 
pipes are 2 feet 8 inches long and connected rigidly to the perpen¬ 
dicular stall posts at points A and D by l-|-inch clamp pipe sockets. 
Each horizontal pipe has A-inch drilled holes at regular intervals 
along its upper surface to allow easy insertion of the supporting 



hooks. For further security against detaching the bag by an 
animal, 3|-inch spring chain snaps instead of the wire hooks may 
be used to support the bag at points A, B, C and D. A f-inch 
or &-inch hole may be drilled in the horizontal pipes at point A 
and point B, and closed 3-inch S-hooks may be firmly wired to the 
stall posts at points A and D to allow for easy attachment of the 
chain snaps. Chain snaps are also attached to the breast piece 
(E-F-L-O) of the bag at points E and F. Closed S-hooks are 
provided at the corresponding points on the stall posts at the 
stall attachments. The greatest strain is likely to be on the 
breast piece at points E and F, hence the necessity for snaps at 
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these points. Provision is made for other stall post attachments 
between A-F and D-E, when with certain animals such additional 
security is found to be necessary. 

Figure 1 shows the front elevation of the bag in place before 
a stanchion. Parts A-L-M-B, B'-M-N-C', D-O-N-C, and E- 
F-L-0 (see also fig. 3) are so matched that when they are assem¬ 
bled B coincides with B', C with C', F with F’, E with E’ and so 
on. The triangular pieces A'-F-Z and D'-E-X, as well assail the 



other elements of the bag, are bound into place by heavy twine 
bindings drawn through the coinciding ^-inch brass eyelets. 
The use of twine for binding the bag parts is desirable because 
of the facility which twine lends to the assembly and release of 
the parts. 

Figure 2 is a rear elevation of the bag in place before astanchion. 
The line E-F is the upper edge of the breast piece. D-E-X and 
A-F-Z are detachable pieces and in all cases may not be necessary. 
These tr iangular pieces together with the breast piece are for 
the purpose of preventing the discharging of hay under the feet. 
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A diagrammatic sketch of the bag, designed for a standard 
3-foot-8-inch stanchion, is shown in figure 3. The bag proper 
may be constructed from three pieces of 12-ounce canvas. The 
two sides and bottom (A-B-C-D) form one piece (12 feet 2 inches 
by 2 feet 6 inches). In addition an allowance of 2J inches for 
lapping along the reenforced edges must be made. The front 
(M-B'-C'-N) and breast ( F-L-O-E ) pieces are separate, being 



Fig. 3. Diagram of Experimental Hay Bag 


securely sewed to the A-B-C-D piece along the lines M-N and 
L-0 respectively. The dimensions of the material required for 
these two pieces are 4 feet 8 inches by 3 feet 11 inches and 1 foot 
11 inches by 3 feet 11 inches respectively. The two separate 
triangular pieces, A'-F-Z and D'-E-X, are made from a 3 foot 
l|-inch-by 3 foot-10§-inch piece of canvas. This allows for 2- 
inch laps along the edges. The triangular pieces of canvas 
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reenforcing shown at the various corners are 4 inches along the 
right angle sides. The semi-circular pieces of reenforcing at 
points F' and K' are .‘1 inches in radius. For further durability, 
double stitching is recommended for all reenforcing. 

The l-inch eyelets shown in figure 3 are riveted in along the 
reenforced edges of the bag. The interval between eyelets is 12 
to 14 inches in the upper part of the bag and 5 to (> inches in the 
lower part. The closer intervals between eyelets in the lower 



Fig. 4. Showing Tin; TI.u Feeding Bags in Place it Altf.un vte 


Stalls 


part, of the'~bag are for increased security against the loss of fine 
roughage particles. Experience has shown that the life oi the 
bag is measured largely by the spacing as well as the firmness 
with which the eyelets are riveted to the fabric. Each eyelet 
should be so riveted that the entire eyelet circumference makes 
firm contact with the material. Also, they should be so spaced 
that undue stress may not be brought to bear on any single eyelet. 

The dimensions indicated in this paper are for a bag to fit a 
standard 3-foot-8-inch stanchion. The dimensions must of 
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course be varied to adapt the bag to particular conditions. This 
bag is made for a manger having a low, rolled front. 

This type of bag is not adapted to the feeding of grain and silage 
because of the deteriorating effects these feeds have upon the 
bottom of the bag. Consequently, they were devised so that 
they could be conveniently and quickly removed and returned 
to place. While the animals were consuming their grain and 
silage the feeder often weighed the hay allowance, placing it in 
the respective bags before attaching them to the stalls. 

It was found feasible to place the bags before alternate animals, 
as shown in the photograph, instead of providing a bag for each 
stall. 



FURTHER OBSERVATIONS IN ELIMINATING THE 
TOXICITY OF COTTONSEED MEAL* 

WILLIS D. GALLUP 

Oklahoma Agricultural Experiment Station, Stillwater , Oklahoma 
INTRODUCTION 

A previous article in this Journal (1) has called attention to 
the beneficial effects produced by autoclaving and steaming 
cotton seeds and cottonseed meal when these products are to be 
used as livestock feeds. The investigation has been continued 
and results obtained over longer feeding periods which allowed 
for observations on the reproduction as well as the growth of 
animals fed on cottonseed meal diets. Furthermore, the method 
of procedure has been modified slightly as we have become more 
familiar with the decomposition products of gossypol, the toxic 
principle in cotton seeds, and in view of more recent work on the 
gossypol content of cottonseed meal (2). It seems advisable to 
report our present results for the benefit of others working along 
the same lines because these results will be used as a guide in 
future studies involving considerable outlay and expense as will 
be necessary in handling large animals. The importance of the 
work lies in the value of cottonseed meal as a livestock feed 
which can be enhanced by autoclaving or steaming the meal as 
previously described (1) (3). We have been able to avert any 
deleterious effects produced through feeding the meal both to 
swine, which are very susceptible to injury, and albino rats, 
which are less so and can consume relatively large amounts 
without apparent harm. Continued feeding, however, is not 
desirable. 

Believing gossypol to be responsible for the toxicity of cotton¬ 
seed meal, Sherwood (2) determined by chemical methods the 
gossypol content of forty samples of cottonseed meal and con- 

* Published with the permission of the Director of the Oklahoma Agricultural 
Experiment Station. Received for publication April 8, 1927. 
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eluded that the gossypol content of all but five of the samples 
was so low that it could not produce injury in albino rats even 
when the meal constituted as much as 50 per cent of a well- 
balanced diet. This is based on the assumption that the form 
of gossypol as ordinarily found in the meal and called d-gossypol 
is not toxic. This form which is practically insoluble in ether 
but may be extracted from the meal with hot aniline, will be 
referred to as d-gossypol in the pages which follow. 

Although we have not been able to employ such a large number 
of meals in our feeding trials, we have determined the gossypol 
content of many and have been able to estimate their relative 
toxicities by comparison with a few samples whose toxicities 
have been determined by chemical and biological methods. 

EXPERIMENTAL 

Materials and methods 

Three samples of cottonseed meal having about the same 
chemical composition but differing considerably in color and 
general appearance were selected and fed in adequate diets to 
albino rats. No attempt was made to use the meal in an other¬ 
wise purified ration but rather to feed it in combination with a 
selected grain, and supply the necessary vitamins as well as 
increased amounts of sodium chloride and calcium which are 
usually lacking in grain rations. For our purpose such a pro¬ 
cedure was more satisfactory than the use of dextrin and a more 
complex salt mixture as supplements when the errors which may 
be introduced in both cases are compared and the results given 
practical application. Although com is a common supplement 
in cottonseed meal rations, some of our previous work has been 
successfully carried out with wheat and it was therefore chosen 
as a supplement in these rations. 

The different meals made up either 35 or 45 per cent of the 
rations as shown below, and were employed in the larger amounts 
to make more pronounced the effects of the feeding. We have 
at times, employed smaller amounts of different meals of unknown 
gossypol content and obtained similar conditions in animals as 
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are reported here, but in sucii cases other factors are involved 
which complicate the interpretation of results. The rations 
employed in this study were made up as follows: 


Cottonseed meal.35-45 

Wheat.. 

CaCO,. 1 _ 1 

NaCl. 1-1 

Cod liver oil. 3-3 


The gossypol and d-gossypol contents of the meals are given 
together with other information in table 1. The gossypol was 
determined by Carruth’s method as modified by Schwartze and 
Alsberg (4) for cotton seeds and the so-called d-gossypol or that 


TABLE X 

Data on the cottonseed meals 


NUMBER 

treatment 

COLOR 

GOSSYPOL 

D-GOSSY¬ 

POL 

RATIONS IN WHICH 
USED 

XX 

As bought 

Bright yellow 

per cent 

per cent 

0.535 

XX 

XX 

Extracted 

Light yellow 

— 

0.535 

XXII 

XX 

Autoclaved 

Brown 

— 

0.326 

XXI 

XXV 

As bought 

Yellow brown 

Trace 

0.918 

XXV 

XXV 

Extracted 

Light yellow 

— 

0.918 

XXVI, XXIV 

XXV 

Autoclaved 

Brown 

— 

0.547 

XXVII, XXIII 

XXX 

As bought 

Light yellow 

Trace 

0.756 

XXX, XXXI 

XXX 

Autoclaved 

Brown 


0.398 

XXXII 


portion which is quite insoluble in oil and ether was determined 
by the method used by Sherwood (2) using petrolic ether for 
washing the precipitates. 

As noted in the table, the rations were made up with “raw” 
meal or as bought on the market, ether-extracted, and autoclaved. 

The extraction of the meal with ether was accomplished for 
the purpose of removing that portion of the gossypol which is 
ether-soluble and is in the same form as it is found in the seeds, 
in which form it is extremely toxic. The oil so removed was 
replaced with refined cottonseed oil, which is free of gossypol, 
such that when 35 per cent extracted meal was used in a ration 
there was in reality only about 32 per cent extracted meal plus 
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3 per cent refined oil. In this way the oil content as well as the 
total cottonseed meal content of the rations was regulated and 
the rations made comparable to each other. Any toxicity noted 
with the use of extracted meal then, would be due to this insoluble 
form of gossypol, which has been suggested as being non-toxic (2). 

Autoclaving the meals in the presence of excess moisture at 
20 pounds pressure as described elsewhere (1) was for the purpose 
of destroying both forms of gossypol, and when fed, served as 
a control as well as an experimental ration when compared to 
other feeding rations not recorded here. It is significant to notice 
that this process did not entirely destroy the insoluble gossypol 
in all cases although it did decrease the original amount to a 
varying degree in each meal. These variations and the more 
complete destruction of gossypol in meal XXX are explained as 
being due to factors difficult to control during the autoclaving, 
chief of which is the packing of the meal which is unfavorable 
to the action of the steam. The consistency of meal XXX quite 
different from the others, was such that it remained open and 
porous during this time with the result that the steam more 
readily penetrated the entire mass and a product containing 
much less d-gossypol was produced. These difficulties were 
not encountered when autoclaving cotton seeds. 

RESULTS 

To eliminate numerous tables, the data obtained and the 
general results of the feeding work with the rations employed 
are tabulated in table 2. 

DISCUSSION OF RESULTS 

• 

A comparison of the growths of the animals receiving the 
different meals similarly prepared reveals the fact that the effects 
of the meal are not always evident by observing the growth rates 
of the animals but is oftentimes apparent in the number of 
breeding failures as determined by the number of litters bom. 
Furthermore, death sometimes resulted among those animals 
showing normal or slightly subnormal growth while some other 
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animals lived through a longer period, but made smaller gains. 
These conditions are considered in what follows. In all cases 
the autoclaved meal was superior for both growth and reproduc¬ 
tion and although the chemical determinations showed it to 


TABLE 2 

Results of cottonseed meal feeding 




per 

Cent 


per cent 

per 

cent 



w.os. 








XX 

35 

“Raw” 

— 

0 187 

4 

2 

6 

444 

1 

3 

1 

10 

— 

10* 

XXI 

35 

Autoclaved 

— 

0 114 

4 

2 

6 

444 

3 

1 

3 

20 

18 

2 

XXII 

35 

Extracted 

— 

0 187 

4 

2 

6 

f44| 

— 

4 


— | 

—- 

—. 


Cottonseed meal XXV 


XXV 

45 

“Raw” 

Trace 

0 413 

4 

2 

5 

4 

4 

i 

2 

3 

2 


XXV 

45 

“Raw” 

Trace 

0 413 

3 

2 

2 

+ 

3 

— 

— 

— 

-- 

-- 

XXVI 

45 

Extracted 

— 

0 413 

4 

2 

5 

44 

4 

— 

3 

11 

8! 

3 

XXIII 

35 

Extracted 

— 

0 321 

3 

1 

6 

4+4 

2 

1 

2 

14 

4 

10 

XXVI1 

45 

Autoclaved 

— 

0 246 

4 

2 

5 

444 

4 

— 

5 

31 

25 

6 

XXIV 

35 

Autoclaved 

— 

0 191 

3 

2 

6 

444 

3 

— 

4 

24 

20 

4 


Cottonseed meal XXX 


XXX 

35 

“Raw” 

Trace 

0 264 

4 

2 

5 

44 

2 

2 

2 

20 

20 

-t 

XXXI 

45 

“Raw” 

Trace 

0 340 

4 

2 

5 

4 

4 

— 

— 

— 

— 

— 

XXXII 

45 

Autoclaved 

— 

0.179 

4 

2 

5 

444 

4 ! 

— J 

4 

26 

17 

9§ 

XXXII 

45 

Autoclaved 

— 

0 179 

2 

1 j 

2 

444 

2 

! 

—■ 

— 

— 


— 


* Mother died ten days after young horn, 
t One month old at time of death. 

J Born fifteen days before experiment ended. 

§ Mothers did not take care of first litters born. 

contain some gossypol compound due perhaps to incomplete 
autoclaving, the presence of this compound in these amounts 
did not appear to be detrimental. Whether or not the forms of 
gossypol as found in the autoclaved and the ether-extracted meal 
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are the same and equally toxic is left undecided. Further study 
of these decomposition products of gossypol is needed. 

Cottonseed meal XX 

This meal in which no gossypol was found by chemical de¬ 
terminations but showed a d-gossypol content of 0.535 per cent 
was fed during the summer months. The animals died several 
days apart during a spell of hot weather. Just previous to their 
deaths which were quite sudden, some of the animals appeared 
suffocated, running about the cage and breathing with difficulty, 
and dying soon afterwards. It is noteworthy that a similar 
condition has been observed among larger animals fed on heavy 
cottonseed meal rations and that previous investigation in this 
laboratory has disclosed the fact that gossypol lowers the oxygen 
carrying capacity of the blood (5). Furthermore, it is a com¬ 
mon practice among feeders to reduce the amount of cottonseed 
meal in animal rations during the summer months. Extreme 
cold appeared to increase the effects of gossypol in studies con¬ 
ducted by Schwartze and Alsberg (6). In face of these facts 
we believe that the deaths of our animals were due primarily 
to the cottonseed meal diets and were hastened by the extreme 
temperature change. Further evidence of this lies in the fact 
that none of the rats in the stock colony and only one of the rats 
receiving the autoclaved meal rations suffered the same conse¬ 
quences. The early deaths of the animals prevented conclusive 
results as to reproduction except as those animals receiving the 
autoclaved meal reproduced sooner and showed no abnormalities 
in the third generation. In no case have rats been raised through 
three generations on either the “raw” or extracted meals. 
Extraction of the meal was of little if any help in eliminating its 
toxicity. 

Cottonseed meal XXV 

This meal which showed only a trace of gossypol and 0.918 
per cent d-gossypol was used in the same and larger amounts. 
Its effects when compared to the same meal which had been 
autoclaved were manifested by slow growth and poor reproduc- 
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tion, although no deaths resulted. Extraction increased the 
value of the meal for growth and reproduction when the meal 
was used in the larger amounts, although the young reared did 
not make normal gains after weaning. When used in the smaller 
amounts as in ration XXIV, growth was normal with a high 
death rate among the young. 

Cottonseed meal XXX 

This meal which also showed a trace of gossypol and a d-gossy- 
pol content of 0.756 per cent proved to be the most toxic of the 
three. Such would be indicated from the color of the meal 
since the heat treatment at the oil mill if of short duration tends 
to destroy less gossypol and produce a lighter colored meal. 

Two of the animals receiving 35 per cent “raw” meal died 
after making fair growth, and only those receiving the autoclaved 
meal grew and reproduced satisfactorily. 

Increased amounts of the “raw” meal decreased the growth 
rate without producing any deaths but there was no reproduc¬ 
tion. The rapid decline of these animals indicates the presence 
of greater quantities of gossypol in the meal than were shown 
by the chemical determinations. 

Of the 19 rats receiving in their ration 35 to 45 per cent “raw” 
cottonseed meal over a period of two to six months, only 4 showed 
normal growth and 5 died as a result of the feeding. Among the 
11 rats receiving the same amounts of meal extracted with ether, 
there were 5 deaths and the growth rates showed a slight increase. 
Of the 17 rats receiving the autoclaved meal, only one died and 
all made normal growth, rearing their young in several instances 
through two generations. 

Reproduction was near normal only in the case of those animals 
fed the autoclaved meal, the 8 females in this group giving birth 
to 101 young as compared to 33 young bom to the same number 
of females receiving the “raw” meal and 25 young from 5 females 
receiving the extracted meal. 
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SUMMARY 

A study was made of the effects of feeding cottonseed meal 
rations to experimental animals when the meal constituted from 
35 to 45 per cent of the diet. Growth and reproduction records 
of the animals were obtained over a period of five to six months. 
Three different cottonseed meals whose gossypol and d-gossypol 
contents had been estimated by chemical methods were employed 
and fed in three different forms; "raw” or as bought on the 
market, ether-extracted, and autoclaved. The meals were pre¬ 
pared in these forms for the purpose of altering their gossypol 
contents. 

The "raw” meals, which probably contained some "free” 
gossypol in the same form as it is found in the seeds although 
only traces could be detected by chemical methods, had a pro¬ 
nounced toxic effect as revealed in the slow growth of the animals 
and poor reproduction. 

Ether extraction of the meal which removes some of the gossy¬ 
pol in a proven toxic form, aided but little in preventing these 
injurious effects indicating that the insoluble form of gossypol 
which occurs in relatively large amounts is also toxic. 

Autoclaving the moist-meal which reduces its toxicity but did 
not entirely destroy the insoluble gossypol produced a feed which 
when properly supplemented afforded good growth and repro¬ 
duction. 

These results although perhaps not directly applicable, have 
an important bearing upon the feeding value and methods of 
preparation of cottonseed meal for all types of animals. 

In conclusion the author makes grateful acknowledgment to 
Dr. V. G. Heller and Dr. N. B. Guerrant for their constant in¬ 
terest and aid during the progress of these investigations with 
cottonseed meal. 
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PROCEEDINGS OF THE ANNUAL MEETING OF THE 
AMERICAN DAIRY SCIENCE ASSOCIATION 

Held at East Lansing, Michigan, June 22, 23 and 24, 1927 

The summer meeting was held as planned at the Michigan 
Agricultural College June 22, 23 and 24. The program was 
arranged by the committee consisting of C. H. Eckles of Min¬ 
nesota, chairman, H. A. Ruehe of Illinois, and C. C. Hayden of 
the Ohio Experiment Station. 

The meeting was opened at 9:30, June 22 with Professor 
0. E. Reed of Michigan presiding. After a few remarks he 
introduced Dean Shaw who pointed out that the Michigan 
Agricultural College, established in 1857, was the first agri¬ 
cultural college in America. Since its establishment there has 
been added curricula courses in engineering, home economics, 
forestry, veterinary science and liberal arts in the order named. 
Dean Shaw mentioned that industrial wages in Michigan 
amounted to eight hundred million dollars a year, half of which 
goes for the products of the farms. Professor Reed then intro¬ 
duced Dean Phelan who gave a general talk on vocational 
teaching. President Fitch who had arrived now took the chair 
and introduced Professor Sherman who emphasized the funda¬ 
mentals in the curriculum for dairy manufacturing students and 
also recommended the consolidation of courses in technical dairy 
subjects. The discussion was entered into by Eckles, Savage, 
Reed, Regan, Guthrie and Davis. 

The afternoon session went off as scheduled with much in¬ 
terest in the papers and considerable discussion following each. 
The tom of the barns and explanation by Reed and Huffman of 
the voluminous mineral feeding trials in progress attracted 
much interest. 

On this same evening the staff of the Dairy Department of the 
Michigan Agricultural College entertained the visitors at the 
Woman’s Building from 8 to 10. 

Following the social entertainment there was a meeting of the 
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executive council of the association at which there were present: 
Fitch, Sherman, Guthrie, Frandsen, Eckles, Cramer, Reed, 
Ragsdale, Cave, Ruehe and White. There had been a desire 
expressed by a number to complete the program on Friday earlier 
than the scheduled time. To this end the executive committee 
voted to begin the morning session on Friday at 9:00, to con¬ 
dense the time allotted to the discussion on extension problems 
and begin the section sessions at 10:30 instead of 1:30 in the 
afternoon. This was presented at the convention on Thursday 
morning and adopted unanimously. 

As there were expressions of general satisfaction with the 
attendance and the program the executive committee discussed 
the matter of proclaiming this the annual meeting and of turning 
over the meeting at the National Dairy Show entirely to the 
Southern Division. After considerable discussion it was voted 
that the officers should plan for a summer meeting in 1928 as 
the annual meeting and that the present meeting be declared 
the annual meeting for 1927. This action was approved on 
Thursday morning by the convention. 

On Thursday Vice President Sherman presided. 

President Fitch appointed the following nominating com¬ 
mittee: W. M. Regan, Chairman, H. A. Ruehe, A. J. Cramer, 
C. E. Wylie and E. S. Guthrie. In the afternoon this com¬ 
mittee made the following report which was adopted. For 
President, G. C. White, A. C. Ragsdale; for Vice President, A. C. 
Baer, W. J. Fraser; for Secretary-Treasurer, J. M. Sherman, 
R. B. Stoltz; for Editor of the Journal of Dairy Science, 
O. A. Dahlberg, J. H. Frandsen. 

All the papers on Thursday proved of vital interest and 
created as much.discussion as the brief time would permit. Dr. 
Hood, Chief of the Division of Dairy Research, Dairy and Cold 
Storage Branch at Ottawa, Canada, was called upon and spoke 
briefly with reference to the quality and improvement control 
work that has recently been undertaken with Canadian export 
butter. 

Directly following this, the executive committee held a brief 
session. There were present at this session: Fitch, Cramer, 
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Frandsen, Ragsdale, Guthrie, Sherman and White. It was the 
sense of this meeting that the sections could elect their officers 
during the present sessions or at Memphis according to the 
time that seemed best to meet the convenience of the particular 
sections. The manufacturer’s section elected the following 
officers: Dr. W. V. Price, Chairman; and Professor P. S. Lucas, 
Secretary. The other sections decided to elect officers for 1928 
at the National Dairy Show at Memphis in October. The 
committee had invitations before it for the 1928 meeting from 
the Ohio State University, University of Illinois, Cornell Uni¬ 
versity, University of Minnesota and University of Wisconsin. 

On Thursday evening a committee on entertainment of the 
Michigan Agricultural College Dairy Department furnished 
transportation out to Palmer Lake where a very satisfactory 
fish dinner was enjoyed followed by dancing at the lake pavilion. 

The Friday session was called to order by Mr. Cramer at 
9:00 o’clock. The Extension Conference held in Madison, Wis¬ 
consin in May was reported upon by A. C. Baltzer. R. H. Addy 
was called upon by the Chairman to explain some charts with 
reference to the extension work in the state of Michigan. 0. E. 
Reed then spoke and he made a plea that very earnest thought 
be given to the development of plans vital to the improvement of 
dairy herds. He pointed out that advanced registry testing was 
not gaining ground and that the average breeder was today much 
more concerned with records made under herd conditions than 
he was in world records. Reed pointed out that there is much 
interest in some sort of a herd test plan by all the breed associa¬ 
tions. As is generally known, the Ayrshire Association has a 
herd test plan already in use and the Holstein Association at its 
June meeting appointed a committee, on which there are a 
number of Dairy Science Association members, to give thorough 
consideration to some type of herd test plan for the Holstein 
breeders. It is evident that this gives the Dairy Science Associa¬ 
tion an opportunity to give thorough consideration to this type 
of test and it is hoped that by its influence a uniform system of 
testing can be introduced into each of the breeds when they 
want to adopt a plan of this character. 
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Eckles agreed that the cow test association idea does not com¬ 
pletely imply the significance of tins type of work in herd im¬ 
provement and suggested that the name of these organizations 
be changed to Dairy Herd Improvement Associations to better 
represent the character and purpose of cow testing work. This 
proposal was seconded and voted after discussion by Ragsdale 
and Yapp. 

After the discussion by Potts and Beuchel of the Bureau of 
Agricultural Economics, U. S. D. A., it was voted that it was the 
sense of the meeting that the executive committee should author¬ 
ize the organization of a section on Dairy Economics as soon 
as the necessary steps had been taken to comply with the consti¬ 
tutional requirements. 

It was moved by Ragsdale and voted that the Secretary be 
instructed to express the appreciation of the members to Dean 
Shaw of the Michigan Agricultural College and to Professor 
Reed and his staff for their efforts in making the meetings 
such a marked success. 

The complete program follows. 

G. C. White, Secretary. 

PROGRAM* 

The Teaching op Dairying 
President J. B, Fitch presiding 

Opening Remarks.Dean R. S. Shaw 

Announcements.Pres. J. B. Fitch 

Vocational teaching.Dean Phelan, Education Dept., Mich. Agr. College 

Importance of the fundamentals in dairy instruction 

J. M. Sherman, Cornell Univ. 

Teaching cattle breeding .W. W* Yapp, University of Illinois 

Fitting our curriculum to meet the demands of industry 

* H. A. Ruehe, University of Illinois 

The first course in dairying. What it should contain and how it should be 

taught.H. P. Davis, University of Nebraska 

Demonstration of experimental work in progress at Michigan Experiment 

Station.0. E. Reed, C. F. Huffman 

* Some of the papers and several abstracts of papers delivered at this meet¬ 
ing will appear in the Journal from time to time.— Editor. 
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Research Program 

J. M . Sherman, Vice-President, presiding 

The possibility of producing iodized milk; a progress report of the study 
of the iodine content of milk as affected by feeding iodine 

C. F. Monroe, Ohio Exp. Station 

The effect of high and low protein diets on growth and development of the 

internal organs.S. W. Mead, XJniv. of California 

High and low protein rations .A. E. Perkins, Ohio Exp. Station 

The economic effect of contagious abortion 

R. F. Morgan, University of Nebraska 
Chemical sterilization in the dairy industry 

M. J. Prucha, J. M. Brannon, Univ. of Ill. 
The food value of milk as affected by rations. The effect of widely differing 

rations on the vitamin content of milk..W. E. Krauss, Ohio Exp. Station 
The adaptation of the MacDonald process for the removal of onion odor 

and flavor in milk in creamery practice-C. E. Wylie, Univ. of Tennessee 

Recent results concerning Vitamin B requirements for calves 

S. I. Bechdel, State College, Pa. 
Recent development in calcium and phosphorus metabolism 

C. F. Huffman, Mich. Exp. Station 
The effect of butterfat on overrun and quality 

P. S. Lucas, Michigan Exp. Station 

Sugar in ice cream.W. H. Martin, Kansas Exp. Station 

Research problems in dairy production on the Pacific coast 

W. M. Regan, Univ. of California 

Effect on the ice cream mix of adding gelatin and sugar at different times 
and of homogenizing before and after condensing 

J. C. Hening, Geneva, N. Y. Exp. Station 
Studies in the manufacture of cream and Neufchatel cheese 

J. C. Marquardt, Geneva, N. Y. Exp. Station 
The relation between pH and titratable acidity in milk 

P. F. Sharp and T. J. Mclnerney, Cornell Univ. 
Butter vs. oleo in the ricket control in pigs. .E. L. Anthony, W. Va. Exp. Station 
A statistical study of the Babcock test. .D. H. Nelson, California Exp. Station 
A successful attempt to improve the quality of creamery butter 

J. M. Thurston, Univ. of Minnesota 
Sorghum grains for growth and for milk production 

H. W. Cave, Kansas Exp, Station 

Extension Section 

A. J. Cramer, Chairman Extension Section, presiding 

Report of the extension conference at Madison. .0. E. Reed and A. C. Baltzar 
General discussion of extension problems. 

Reports from Bureau of Agr. Ex. Section of Marketing. 
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Joint Meeting Production, Extension and Official Testing Sections 

A . C. Ragsdale , Chairman Production Section , presiding 

Feeds and feeding laboratory.E. S. Savage, Cornell University 

Teaching dairy cattle judging.0. G. Schaefer, Univ. of Minnesota 

College Feed Conference Board and open formulae feeds 

A. R. Merrill, Conn. Agri. College 
Present day problem in official testing.General discussion 

Manufacturers’ Section 

E. S. Guthrie t Chairman Manufacturers ’ Section , presiding 

Physical factors influencing the formation and fat content of cream sepa¬ 
rated from milk by gravity. .H. C. Troy and P. F. Sharp, Cornell University 
The oxidation of fat in relation to the keeping qualities of dairy products 

G. E. Holm, U. S. D. A. 

The comparison of the methylene blue reductase test with bacterial counts, 

acidity and sediment tests.A. S. Ambrose, Univ. of Illinois 

Composition and shrinkage of creamery print butter in relation to working 

V. C. Manhart, Purdue University 
Factors affecting the whipping qualities of ice cream mixes 

H. H. Sommer, University of Wisconsin 
Hydrogen-ion concentration in cold storage butter 

E. H. Parfitt, Purdue University 

The effect of freezing milk before and subsequent to pasteurization on the 

physical properties of milk.W. H. E. Reid, University of Missouri 

The relation of acidity of cre$m to the quality of butter with special con¬ 
sideration for variations in the acidity below and above 0.3 per cent 

W. White, U. S. D. A. 

The development of dairying in the Pacific Northwest 

J. A. Nelson, Montana Exp. Station 
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